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AN  ACCOUNT  OF  THE  ANATOMY  AND  PHYSIOLOGY 
OF  BATRACHIAN  LYMPH-HEARTS.  (Mainly  Biblio- 
graphical.)  By  JOHN  PRIESTLEY,  Assistcmi  Lecturer  in 
Physiology  in  Owens  College^  Manchester, 

{From  the  Physiological  Zahoraiory  of  Owens  College.) 

Intboduction. 

In  1876  Professor  Arthur  Gamgee  suggested  to  me  to  investigate 
the  Lymph-hearts  of  Frogs.  A  preliminary  search  among  the  books  at 
my  disposal  at  the  time  led  me  to  believe  that  the  knowledge  of  their 
physiology  was  in  a  very  imperfect  state.  Conspicuous,  as  it  now 
seems,  was  the  absence  of  all  but  the  primitive  discoveries  from  certain 
important  text-books.  Thus  Ludwig  {Lehrbtich  der  Phyaiologie  des 
Menschen,  1861),  Wundt  (Phystologie,  1873),  Quain  and  Sharpiey 
(Anatomy,  1875)  and  Carpenter  {Principles  of  Hvman  Physiology, 
edited  by  Power,  1869),  merely  mention  the  existence  of  Lymph-hearts; 
Ranke  {Physiologie,  1872)  and  Hermann  {Physiologie,  1874)  leave 
the  question  of  their  innervation  entirely  open,  omitting  at  the  same 
time  the  invaluable  practice  of  appending  the  names  of  those  who  had 
investigated  the  subject;  while  Longet  {Traits de  Physiologie,  1869-70) 
and  Kirkes  (edited  by  Morant  Baker,  1876)  leave  the  matter  as  it 
existed  about  the  year  1850. 

Misled  by  this  silence,  and  having  then  no  means  of  further  in- 
formation, I  spent  some  time  in  working  out  the  innervation  of  the 
lymph-hearts ;  and  when  I  had  made  experitnents  enough  to  draw  up 
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a  scheme  of  their  nervous  connections  I  had  the  partial  satisfaction  of 
finding  my  results  confirmed,  so  to  speak,  by  anticipation. 

Thus  I  had  observed  the  normal  irregular  rhythm,  the  function  of 
the  abdominal  and  dorsal  branches  of  the  tenth  or  coccygeal  spinal 
nerve,  the  reflex  inhibition  by  strong  sensory  stimulations,  the  constant 
inhibition  proceeding  from  the  encephalon,  and  the  spring  of  that 
constant  inhibition  in  the  optic  lobes ;  as  well,  of  course,  as  the  pul- 
sation which  sometimes  occurs  after  destruction  of  the  spinal  centres. 

These,  and  one  or  two  facts  already  published*,  and  not,  to  my 
knowledge,  taken  note  of  by  previous  observers,  formed  the  substance  of 
a  paper  which  was  nearly  in  the  printer  s  hands  before  I  became  pos- 
sessed, through  the  great  kindness  of  Professor  Hermann,  of  a  list  of 
the  Lymph-heart  literature.  So  complete  was  the  agreement  between 
the  work  of  previous  observers  and  my  own  that  I  determined  to  sup- 
press altogether  the  publication  of  mine. 

But  it  has  since  been  suggested  to  me  that  the  absence  from  tho 
Text-Books  of  allusions  to  a  complicated  nervous  mechanism,  curiously 
similar  to  that  of  the  blood-heart,  as  it  had  been  the  cause  of  my  work, 
might  excuse  its  publication.  I  have,  therefore,  ventured  to  publish 
anew,  in  the  form,  rather,  of  a  bibliographical  paper,  what  doubtless  is 
already  well  known  to  many  readers.  I  have  done  so  with  less  hesitation 
as  I  am  now  in  a  position  to  add  something-)-  (as  I  believe)  to  our  know- 
ledge of  lymph-heart  innervation. 

I  have  not  had  .time  to  repeat  every  observation  described  in  the 
following  paper.  But  I  have  given  my  authorities  in  every  case ;  and 
where  it  seemed  necessary  I  have  pointed  out  my  agreement  or  dis- 
agreement with  previous  observers. 

I  have  much  pleasure  in  thanking  my  friend  Mr  H.  Q.  Brooke,  B.  A., 
late  Piatt  Physiological  Exiiibitioner,  for  valuable  assistance  rendered 
during  the  earlier  parts  of  the  research. 

Anatomy  and  Physiology  of  Batrachian  Lymph-Hearts. 

The  lymph-hearts  in  Rana  temporaria,  R.  esculenta  and  i2.  pipiena 
are  four  in  number — an  anterior  pair  and  a  posterior  pair. 

The  anterior  pair  are  situated,  one  on  each  side  of  the  body,  beneath 
the  scapula  and  resting  upon  the  third  cervical  vertebra  (Muller^ 
Panizza")J. 

•  Studieifrom  the  Phynologieal  Laboratory  in  Owens  Collegef  Part  i.  Preface,  1877. 
t  In  a  paper  which  immediately  follows  this. 
t  For  the  references  see  p.  17. 
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The  posterior  pair  are  situated  one  on  each  side  in  the  angles 
formed  by  the  convergence  of  the  coccyx  and  the  iliac  bones  (Muller*, 
Panizza').  They  are  covered  over  by  the  strong  fascia  ilio-coccygea 
which  is  bound  to  the  skin  just  behind  the  lymph-hearts  by  a  strong 
laminal  process.  Each  posterior  heart,  together  with  the  loose  pig- 
mented connective  tissue  surrounding  it,  fills  up  an  aperture  that  forms 
a  passage  directly  into  the  cavity  of  the  abdomen.  This  aperture  \a 
triangular  in  shape,  with  its  apex  pointing  forward  and  a  little  out- 
ward, and  hence  has  an  internal,  an  external  and  a  posterior  border — 
an  anterior,  an  internal  and  an  external  angle. 

The  internal  border  is  formed  by  the  lower  edge  of  the  w?^  ilio- 
coocygeus  which  runs  from  the  coccyx  forwards  and  outwanl  to  the  iliac 
bone  of  its  own  side.  The  external  border  is  formed  by  the  m.  glutceus 
medius  as  it  arises  from  the  iliac  bone.  The  posterior  border  is  formed 
by  the  m.  pyramidalis  running  from  the  coccyx  to  the  femur. 

At  the  external  angle,  looked  at  from  behind,  a  small  portion  of  the 
fn.  Ux(hp8oa8  is  to  be  seen  through  the  aperture  as  it  arises  from  the 
iliac  bone.  At  the  internal  angle  looked  at  from  behind  a  similar 
portion  of  the  m.  levator  ani  presents  itself  to  view. 

Past  this  aperture  at  its  external  portion  the  ischiatic  artery  and 
nerve  run  in  the  abdomen  from  before  backward  keeping  in  front  of 
the  m.  pyramidalis.  Hence,  looked  at  from  before,  this  artery  and 
nerve  must  be  counted  as  lateral  relations  of  the  lymphatic  heart. 

In  the  triangular  space  just  described  the  heart  is  suspended  rather 
nearer  the  external  than  either  of  the  other  angles. 

Both  the  anterior  and  posterior  hearts  are  known  to  be  supplied  by 
spinal  nerves  (Volkmann'). 

To  the  anterior  hearts  this  supply  is  transmitted  from  the  cord, 
through  the  anterior  root  of  the  second  spinal  nerve,  and  along  a 
branch  which  is  given  off  by  the  nerve  as  soon  as  it  escapes  from  the 
intervertebral  foramen  and  which  runs  backward  over  the  anterior 
border  of  the  transverse  process  of  the  third  vertebra  (Volkmann*, 
Eckhard*,  Schiff*). 

To  the  posterior  hearts  the  supply  is  transmitted  down  the  tenth 
spinal,  or  coccygeal  nerve.  This  nerve  arises  by  a  posterior  root 
emerging  from  the  *cord  just  below  the  posterior  root  of  the  ninth  spinal 
nerve,  and  by  an  anterior  root  emerging  from  the  cord  at  about  the  same 
level  (Waldeyer**).  The  anterior  root  is  sometimes  double  or  threefold, 
in  which  cases  the  accessory  roots  come  off  from  the  cord  somewhat  lower 
down  (Waldeyer").     The  two  roots  run  separate  for  some  distance  in 
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the  interior  of  the  coccyx,  uniting  in  the  spinal  ganglion.  From  this 
ganglion  which  is  lodged  in  a  lateral  foramen  of  the  coccyx  emerge  the 
two  main  branches  of  the  nerve,  viz.  the  ramus  dorsalis  and  ramus 
abdominalis. 

The  r.  dorsalis  at  once  penetrates  the  substance  of  the  m.  iiio- 
coccygeus  and  runs  on  its  dorsal  aspect  downward  and  outward  to  cross 
the  lymph-heart;  it  then  bends  upward  through  the  ilio-coccygeal 
fascia  to  its  distribution  to  the  dorsal  skin.  It  gives  ofif  branchlets  which 
lose  themselves  in  the  pigmented  connective  tissue  surrounding  the 
lymph-heart  (Waldeyer**). 

The  R.  ahdominalis  also  runs  downward  and  outward,  but  on  the 
abdominal  aspect  of  the  ilio-coccygeal  muscle.  Besides  offsets  to  the 
ischiatic  plexus  of  nerves,  the  sympathetic  system  of  nerves  and  along 
the  iliac  artery,  it  supplies  twigs  which  Waldeyer  has  traced  through 
the  pigmented  environment  into  the  substance  of  the  heart  itself. 

The  lymph-hearts  are  further  in  close  relation  with  the  sympathetic 
system  of  nerves  (Waldeyer). 

In  the  neighbourhood  of  the  anterior  hearts  a  small  group  of  ganglion- 
cells  may  be  seen,  from  which  fibres  run  towards  the  hearts  alongside 
the  offsets  from  the  main  spinal  nerves  (Waldeyer"). 

On  the  dorsal  surface  of  the  ilio-coccygeal  muscle,  or  rather  upon 
i\A  fascia  propria^  two  or  three  small  groups  of  ganglion-cells  may,  ac- 
cording to  Waldeyer,  be  discovered  ;  and  between  the  groups  sympa* 
thetic  fibres  are  seen  to  pass  on  their  way  to  the  pigmented  tissue  of 
the  heart.  In  the  interstices  of  this  pigmented  tissue  Waldeyer  saw, 
under  favourable  circumstances,  i.e.  when  the  pigment-cells  were  sparse, 
small  heaps  of  ganglion-cells. 

The  posterior  pair  of  hearts  are  supplied  with  blood  from  the  iliac 
(ischiatic)  artery  (Waldeyer**). 

The  anterior  pair  of  heai*ts  pour  the  lymph  they  have  collected 
from  the  axillary  lymphatic  spaces  into  a  branch  of  the  jugular  vein 
which  opens  into  the  vena  cava  superior  (J.  M tiller'). 

The  posterior  pair  of  hearts  collect  lymph  from  the  l3m[iphatic 
vessels  and  spaces  beneath  the  skin  and  between  the  muscles  of  the 
thigh,  as  well  as  from  a  superficial  dorsal  vessel  and  occasionally  from 
a  small  lymphatic  accompanying  the  aorta.  They  pour  it  into  a  venous 
branch  opening  into  the  ischiatic  vein  which  soon  afterwards  becomes 
the  vena  renaiis  advehens  (J.  MuUer^). 

Recklinghausen'  injected  finely  divided  bodies — vermilion,  lyco- 
podium,  etc. — suspended  in  appropriate  vehicles,  into  the  lymph-spaces 
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of  the  thigh^  and  thus  was  enabled  to  track  the  course  of  the  lymph 
through  the  posterior  lymph-hearts  into  the  vena  advehena. 

As  regards  their  minute  anatomy  the  hearts  consist  of  three  layers  : 
an  outer,  compared  by  Waldeyer  to  an  adventitia,  a  muscular  media» 
and  an  epithelial  lining.  The  epithelium  consists  of  tesselated  cells  of 
round  or  oval  form.  The  muscular  fibres  constitute  a  close  interlacing 
mass;  the  fibres  themselves  being  small,  anastomotic  (Ley dig')  and 
possessed  of  many  nucleL  Amongst  the  muscular  fibres  are  to  be 
found  pigmented  corpuscles,  together  with  nerve-fibres  both  pale  and 
meduUated,  but  no  ganglion-cells*  (Volkmann*,  Waldeyer").  The 
adventitia  consists  of  connective  tissue  bearing  many  pigment-cells 
(Leydig^,  Hyrtl,  Waldeyer"). 

The  lymph-hearts  pulsate  with  a  somewhat  irregular  rhythm. 
Johannes  MUller  called  attention  to  the  mean  rapidity  of  beat,  about 
60 — 70  times  a  minute,  as  well  as  to  the  facts  that  the  members  of  each 
pair  of  hearts  do  not  beat  synchronously  with  each  other,  or  with  the 
blood-heart,  or  with  the  respiratory  movements.  But  he  did  not  notice 
that  the  pulsation  is  by  no  means  i*egular  or  continuous.  If  a  frog  be 
stretched  out  upon  a  plate  of  cork  by  means  of  looped  cords  slipped 
over  the  arms  and  legs  and  passed  through  slits  in  the  edges  of  the 
plate,  the  posterior  lymph-hearts  may  be  seen  now  and  then  to  stop 
suddenly  without  any  apparent  cause.  After  a  delay,  the  duration  of 
which  is  generally  a  few  seconds,  but  occasionally  longer,  the  hearts 
commence  to  twitch,  one  heart  usually  beginning  a  little  while  before 
the  other.  The  twitchings  in  a  few  seconds  give  place  to  full  beats^ 
which,  at  first  not  periodic,  soon  fall  into  the  usual  rhythm. 

Moreover,  if  the  frog  struggles,  whether  of  its  own  will,  or  in  con- 
sequence of  irritating  its  skin,  the  posterior  hearts  may  very  frequently 
be  noticed  to  stop  suddenly  a  few  seconds  before  the  paroxysm  begins, 
and  occasionally  also  as  long  as  it  lasts.  When  the  paroxysm  is  over- 
past the  hearts,  as  a  rule,  beat  very  rapidly  for  a  few  seconds,  then 
quickly  fisdl  to  the  normal  rate,  and  within  a  minute  after  the  struggle, 
stop.  Under  these  circumstances  stoppage  may  last  1 — 2  minutes,  the 
hearts  beginning  again  in  the  manner  before  described,  viz.  Ist  as 
twitchings,  2nd  as  occasional  beats,  3rd  as  regular  pulsations. 

In  other  cases  violent  exertion  merely  leads  for  a  short  time  to 
accelerated  pulsation,  increasing  the  rate  of  beating  very  considerably 
for  about  a  minute. 

All  these  facts  may  be  more  easily  observed  after  reflecting  the 

*  A  enrsory  examination  has  led  me  to  the  same  condusion. 
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Bkin  over  the  posterior  lymph-hearts  by  means  of  a  T-shaped  incision 
in  the  middle  line  of  the  body.  If  this  be  done  it  is  further  seen  that 
the  rhythm  of  the  beats  is  not  quite  regular.  The  periods  are  not 
all  of  the  same  duration,  short  sharp  beats  disturbing  the  regular 
series;  hence  the  two  hearts,  beating  independently,  often  overtake 
each  other  and  are  never  long  coincident  in  their  pulsations. 

All  the  above-described  variations  may  not  occur  in  all  frogs.  For 
instance,  it  is  not  every  frog  whose  lymph-hearts  are  brought  to  rest 
after  a  violent  struggle.  But  a  given  frog  will,  in  most  cases,  constantly 
exhibit  the  same  variation.  Thus  a  frog  whose  posterior  hearts  stop 
spontaneously  without  reference  to  movements  will  exhibit  that  pecu- 
liarity again  and  again. 

These  irregularities  are  not  to  be  ascribed  to  the  forced  position  of 
the  frog ;  since  the  more  obvious  of  them,  as,  for  example,  the  stoppage 
of  pulsation,  may  be  noticed  when  the  frog  is  gently  held  in  the  hand 
or  at  rest  on  the  table. 

If  now  the  cerebro-spinal  nervous  centres  be  destroyed  by  pithing, 
the  lymph-hearts  come  suddenly  to  rest,  and  occasionally  never  move 
again.  Oftener,  however,  they  remain  at  rest  from  J — 3^  minutes 
(Eckhard*,  Schiff).  After  this  pause  various  portions  of  the  mus- 
cular substance  of  the  lymph-hearts  begin  to  twitch  or  flicker  irregu- 
larly, so  that  the  hearts  may  be  tugged  hither  and  thither,  or  may 
exhibit  general  but  confused  movement  (Volkmann",  Eckhard*, 
Schifr).  Occasionally  these  irregular  contractions,  from  affecting  a 
few  muscular  bundles  at  a  time,  extend  to  the  whole  at  once,  causing, 
in  short,  single  full  beats,  which  alternate  with  the  flickers  before 
mentioned.  The  cases  where  full  regular  beats  occur  are,  however, 
infrequent  (Schiff*),  The  time  these  altered  movements  last  varies 
very  much.  Volkmann  and  Eckhard  never  saw  them  endure  beyond 
\  hr.  after  their  appearance ;  Schiff  on  the  other  hand  saw  them  from 
4  to  6  and  even  in  one  case  to  16 J  hrs.  after  destruction  of  brain  and 
spinal  cord.  There  can  be  little  doubt  that  the  time  is  determined  by 
the  vigour  of  the  frog  used. 

If  the  spinal  nerves  running  to  the  lymph-hearts  be  severed  from 
connection  with  their  centres,  the  same  effects  are  produced  as  follow 
destruction  of  the  brain  and  spinal  cord  (Volkmann',  Eckhard*). 
Thus  if  the  nerves  supplying  the  anterior  pair  be  cut  across  at  any 
part  of  their  course,  in  root,  trunk,  or  branch,  a  brief,  or  it  may  be  a 
permanent  stand-still  of  the  hearts  ensues.  The  same  result  follows 
section  of  the  posterior  set  of  nerves.    To  ensure  success  care  must  be 
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taken  to  divide  the  coccygeal  nerve  either  as  it  escapes  from  the 
foramen  in  the  side  of  the  coccyx  (Eckhard*),  or  as  it  is  about  to 
enter  the  immediate  neighbourhood  of  the  heart  (Waldeyer").  This 
is  necessary  in  order  to  cut  oflf  both  doi-sal  and  abdominal  branch  ;  for 
there  can  be  no  doubt  that  the  fibres  supplying  the  hearts  run  now  in 
the  one  and  now  in  the  other.  Sometimes,  when  the  nerves  have  been 
divided  in  the  above  manner,  the  hearts  never  beat  again  ;  but  most 
often,  after  a  short  pause,  flickers  or  indeflnite  twitchings  appear,  which 
may  fall  occasionally  into  regular  beats,  as  in  the  case  of  toted  destruc- 
tion of  the  cord ;  and  which,  after  an  interval  of  many  days,  may  give 
place  to  a  normal  rhythmical  pulsation  quite  independent  of  the  spinal 
cord  (Qoltz",  Waldeyer",  and  confirmed  by  myself). 

Even  after  excision  the  lymph-hearts  have  been  seen  on  a  few 
occasions  to  beat  for  a  short  time  with  vigour  (Waldeyer",  Qoltz**) ; 
but  the  exact  conditions  of  such  pulsation  have  not  yet  been  discovered: 
e.g.  it  is  not  known  whether  or  not  ganglion-cells  were  still  attached  to 
the  hearts.  I  have  once  or  twice  seen  hearts  contracting  vigorously 
when  nothing  was  left  of  the  frog  they  belonged  to  but  the  lower 
third  of  the  pelvis  and  the  stumps  of  the  amputated  thighs. 

Waldeyer,  I  believe,  is  the  only  observer  who  has  tested  by  ex- 
periment the  connection  of  the  lymph-hearts  with  the  ganglia  situated 
in  their  neighbourhood.  In  all  Waldeyer's  experiments  excision  of 
the  connective  tissue  containing  the  ganglia  and  forming  a  common 
meeting-ground  for  all  nerves,  spinal  and  sympathetic,  supplying  the 
posterior  hearts,  led  without  fail  to  a  permanent  standstill  of  the  lymph- 
heart  of  the  same  side. 

Reviewing  the  statements  just  put  forward  it  is  clear  that  the 
lymphatic  hearts  may  exhibit  muscular  movements ;  sometimes  regular, 
but  in  the  great  majority  of  cases  irregular,  after  their  complete  separa- 
tion from  the  spinal  nervous  centre. 

Respecting  these  movements  of  extra-spinal  origin  it  should  be 
observed  that  they  are  invariably  at  first  irregular  or  confused  twitches ; 
if  they  do  give  place  to  rhythmical  or  almost  rhythmical  beats,  it  is 
only  after  a  long  interval  of  indefinite  flickering.  Their  character  is 
mich  as  to  suggest  comparison  with  the  prae-systolic  twitches  described 
above  as  heralding  the  returning  beat  after  a  normal  inhibition;  and 
these  again,  perhaps,  with  the  prae-systolic  movements  of  the  blood- 
heari.  While  they  have  not  only  been  compared  with  the  confused 
spasms  of  a  voluntary  muscle  which  follow  rough  section  of  its  nerves, 
bat  they  have  been  referred  to  a  similar  cause,  viz.  the  operative  pro- 
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cedure  (Yolkmann*,  Eckhard^).  This  explanation  is  however  not 
satisfactory ;  for  the  spasms  of  voluntary  muscle  under  the  above-men- 
tioned circumstances  soon  pass  off,  while  those  of  the  lymph-hearts  that 
follow  section  of  their  spinal  nerves  or  destruction  of  the  cord  may  re- 
main for  hours.  Hence  in  order  to  make  use  of  the  explanation  we 
must  assume  that  oftinary  muscle  or  nerve,  or  both,  speedily  become 
habituated  and  insensible  to  the  stimulus  of  death-changes  in  the 
nerve,  while  the  muscle  and  nerve  of  the  lymph-hearts  do  not  so 
soon  establish  a  tolerance.  This  again  would  imply  the  assumption 
of  peculiar  properties  either  for  the  lymph-cardiac  muscles  or  for  the 
nerves.  But  it  will  afterwards  be  shown  that  the  muscles  do  not  differ 
from  ordinary  striated  muscle;  while  the  only  distinction  apparently 
possessed  by  the  lymph-cardiac  spinal  nerve  is  a  higher  minimal  sti- 
mulus— a  peculiar  property  not  favourable  to  the  above  hypothesis*. 

The  occurrence  and  persistence  of  the  extra-spinal  twitches  seem 
to  have  relation  to  the  vigour  of  the  frogs  used.  The  lymph-hearts 
of  sluggish  frogs,  as  a  rule,  quickly  stop  (and  in  many  cases  at  once)  on 
section  of  the  spinal  cord  below  the  level  of  their  centres.  If  the  steps 
of  the  experiment  have  involved  extensive  bleeding,  thus  if  the  frog 
whose  hearts  are  to  be  tested  have  been  decapitated  and  eviscerated, 
the  lymph-hearts  exceedingly  rarely,  in  my  experience,  have  flickered 
more  than  a  few  seconds  after  destruction  of  their  spinal  centres. 
Bleeding  the  frog  through  the  snipped  ventricle  leads  after  a  short 
time  to  flickerings,  and,  in  about  an  hour,  to  standstill  of  the  lymph- 
hearts  ;  and  here  the  lymph-hearts  offer  a  marked  contrast  to  the  blood- 
heart. 

Whatever  may  be  the  primary  cause  of  the  movements,  I  have  often 
noticed  that  "pumping"  with  the  hind-legs,  or  moving  them  rapidly 
to  and  from  the  position  of  extension,  would  lead  to  a  series  of  fairly 
vigorous  flickers  in  posterior  hearts  separated  from  their  spinal  centres, 
and  at  other  times  quiet  or  nearly  so.  But  that  a  lymph-current  (such 
as  might  be  supposed  to  be  set  going  by  the  ''  pumping  ")  is  not  neces- 
sary to  the  movements  is  shown  by  the  fact  that  the  movements  may 
occur  in  hearts  practically  excised.  It  seems,  however,  that  nerves  are 
indispensable ;  for,  in  the  first  place,  the  extra-spinal  twitches  when- 
ever present  may  invariably  be  annulled  by  dropping  curare  in  solution 
upon  the  hearts ;  and  in  the  second  place,  no  amount  of  "  pumping " 
can  induce  the  hearts  of  a  curarized  frog  to  move  at  all. 

Another  theory  of  the  movements  exhibited  by  lymph-hearts  cut  off 

*  See  the  paper  succeeding  this. 
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from  their  spinal  centres,  was  first  clearly  enunciated  by  Heidenhain* 
and  supported  mainly  by  Qoltz"  and  Waldeyer**  ".  According  to  it, 
the  spring  of  the  lymph-cardiac  movements  is  to  be  sought  for  in  the 
neighbourhood  of  the  hearts  themselves ;  while  to  the  spinal  centres  is 
assigned  the  function  of  co-ordinating  the  movements  into  rhythmical 
pulsations;  and  Waldeyer  boldly  asserts  that  the  motor-centre  pro- 
perly so  called  is  constituted  by  the  ganglia  to  be  seen  near  (but  not 
amidst  the  fibres  of)  the  hearts. 

This  theory  strictly  speaking  resolves  itself  into  two  parts,  (1)  that 
the  spinal  nerves  ministering  to  the  lymph-hearts  do  not  enter  the 
muscular  substance  immediately,  or  at  least  are  connected  with  it  in  a 
peculiar  manner;  and  (2)  that  the  ganglion-cells  are  the  medium  of 
the  connection,  or  in  some  way  are  implicated  in  it.  In  the  present 
state  of  physiological  speculation,  when  the  sharpness  of  our  conceptions 
of  the  function  of  ganglion-cells  is  certainly  dissolving,  we  shall  do 
wisely  to  ignore  the  second  part  of  the  theory;  for  it  cannot  be 
assumed  that  Wald oyer's  experimental  excision  of  the  nerve-gan- 
glion and  pigmented  connective  tissue  surrounding  the  hearts  settles 
the  matter,  when  it  is  remembered  that  standstill  so  very  frequently 
occurs  even  when  that  tissue  is  uninjured.  Nevertheless  there 
are  some  grounds  for  maintaining  a  view  of  a  peculiar,  mediate,  con- 
nection of  spinal  nerve-fibres  and  lymph-cardiac  muscles ;  for,  not  only 
does  the  actual  occurrence  of  the  beats  demand  some  explanation,  but 
the  greater  minimal  stimulus  of  the  lymph-cardiac  spinal  nerves  seems 
to  suggest  a  more  complicated  connection  between  them  and  their 
index-muscles  than  is  to  be  found  in  the  case  of  other  striated  muscles. 

But  whatever  these  movements  may  be  in  their  origin,  it  is  clear 
that  the  cerebro-spinal  centres  exercise  control  of  some  nature  over  the 
motions  of  the  lymph-hearts.  If  the  spinal  cord  be  divided  at  the 
level  of  the  atlanto-occipital  articulation,  the  hearts  (the  posterior  pair) 
pause  in  diastole  for  about  30  seconds.  After  this  interval  they  suddenly 
begin  again  with  great  rapidity  and  regularity  (Suslowa**").  They 
continue  rapidly  beating  for  several  minutes,  after  which  the  rate  of 
pulsation  declines,  but  with  diminishing  velocity.  All  the  time  the 
beat3  are  determined  in  character,  never  hesitating  or  interrupted  as 
they  are  before  section  of  the  medulla.  With  vigorous  frogs  which 
have  lost  little  blood  the  hearts  maintain  a  rapidity  much  above  the 
usual  rate  for  two  or  three  days ;  and  even  under  less  favourable  con- 
ditions when  the  heart-rate  sinks  to  the  normal  or  below  it,  pulsation 
remains  regular  and  unbroken. 
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If  the  spinal  cord  be  divided  at  any  point  between  the  atlanto- 
occipital  articulation  and  the  body  of  the  6th  vertebra  the  same  results 
ensue,  viz.  (referring  to  the  posterior  hearts)  a  brief  pause  followed  by 
considerable  but  declining  acceleration  of  beat*. 

If  however  the  level  of  section  be  carried  beyond  the  body  of  the 
5th  vertebra,  e,g.  if  the  cord  be  divided  between  the  5th  and  6th 
vertebral  arches,  the  consequences  are  altogether  different,  resembling 
in  short  the  consequences  of  destroying  the  cord  or  of  dividing  the 
fibres  of  the  coccygeal  nerves. 

Volkmann  was  the  first  to  notice  that  the  regular  pulsation  of  the 
lymph-hearts  depended  upon  the  soundness  of  limited  areas  of  the 
spinal  cord.  He  found  that  destniction  of  the  contents  of  the  spinal 
canal  opposite  the  3rd  and  opposite  the  8bh  vertebrae  causes  the 
anterior  and  the  posterior  pairs  of  hearts  respectively  to  stop  beating, 
destruction  at  the  anterior  spot  not  affecting  in  any  way  remarkable 
the  beating  of  the  posterior  hearts;  and  vice  versd.  Sections  of  the 
cord  at  points  intermediate  between  the  3rd  and  8th  vertebrae  brought 
about  no  change  in  the  movements  of  either  pair.  He  noticed,  how- 
ever, that  frequently  the  hearts  would  come  to  rest  even  when  the 
above-mentioned  regions  of  the  cord  were,  to  all  appearance,  unhurt ; 
and  that,  occasionally,  the  mere  division  of  the  cord  in  the  dorsal  region 
had  the  same  result.  In  my  own  experiments  with  the  posterior  hearts 
I  have  met  with  the  like  discrepancies. 

If  the  cord  were  to  be  divided  while  still  within  the  spinal  canal, 
section  in  the  interval  between  the  5th  and  6th  vertebral  arches  would 
usually  produce  the  desired  change.  Sometimes  division  between  the 
4tb  and  5th  arches  was  enough. 

If  the  cord  and  column  were  to  be  snipped  through  with  scissors, 
section  between  the  bodies  of  the  4th  and  5th  vertebrae  was  most  often 
effective :  but  section  between  the  next  preceding  pair  had  in  many 
cases  the  same  results.  On  one  occasion  however  the  spine  was  cut 
through  between  the  4th  and  5th,  between  the  5th  and  6th  and  be- 
tween the  6th  and  7th  in  succession  before  the  usual  change  was  brought 
about. 

Some  of  these  discrepancies  may  perhaps  be  readily  explained.    In 

*  Sufllowa  farther  observed  that  in  accordance  with  Brown-S^qnard's  Law,  lateral 
hemisection  of  the  cord  produced  complemental  effects  on  the  two  sides,  viz.  exalted 
activity  on  the  side  of  section  and  depressed  activity  or  even  standstill  on  the  opposite 
side.  Hence  the  inhibitory  fibres  are  to  be  founds  in  the  cord,  on  the  same  side  as  the 
centre  they  are  running  to. 
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the  first  place,  as  the  frog  is  usually  held  for  such  sections  in  the  opera- 
tor's left  hand,  facing  away  from  his  right  hand,  the  point  of  the  knife 
is  apt  to  he  thrown  rather  forward  in  the  spinal  canal  instead  of  being 
just  at  right  angles  to  the  cord :  hence  division  with  the  knife  is 
actually  rather  more  anterior  than  division  with  the  scissors,  although 
each  is  made  between  the  same  pair  of  vertebrsB.  In  the  second  place 
the  rougher  method,  with  the  scissors,  will  in  all  probability  cause 
death  of  the  divided  cord  to  a  greater  depth  below  the  exposed  surface; 
hence  the  vulnerable  part  may  be  reached  by  one  mode  but  not  by  the 
other,  although  the  plane  of  section  is  the  same  in  each  *. 

It  is  hardly  possible  to  agree  with  Yolkmann  in  saying  that  the 
part  of  the  cord  opposite  the  8th  vertebra  is  that  which  must  be  kept 
uninjured  to  ensure  the  rhythmical  beating  of  the  posterior  hearts. 
Firstly  the  cord  at  that  point  is  represented  by  the  delicate  ^um  termi- 
nale,  the  true  cord  apparently  ending  at  the  level  of  the  7th  vertebra 
in  jB.  esculenta  and  it  temporarid.  Secondly,  the  coccygeal  nerves  which 
are  known  to  minister  to  the  posterior  hearts  emerge  from  the  cord 
alongside  the  filmn  terminale  also  at  the  level  of  the  7th  vertebiu. 

From  the  foregoing  experimental  facts  it  has  been  concluded  (1)  that 
there  are  centres  in  the  spinal  cord  of  the  frog,  one  near  the  3rd  and 
one  near  the  6th  (not  the  8th)  vertebra,  which  give  origin  to  the 
rhythmical  pulsation  of  the  anterior  and  posterior  lymph-hearts  re- 
spectively ;  (2)  that  there  is  a  higher  centre  situated  above  the  atlanto- 
occipital  articulation  and  capable  of  inhibiting  the  lower ;  and  (3)  that 
the  inhibitory  centre  is  constantly  in  action. 

These  conclusions  are  borne  out  by  many  other  experiments.  Thus, 
if  the  spinal  nerves  running  to  the  lymph-hearts,  or  the  cord  whence 
they  proceed,  be  stimulated  by  means  of  electric  currents,  contractions 
of  the  lymph-hearts  ensue  (Eckhard^Schiff*^.  The  plan  I  adopted  to 
demonstrate  this  is  the  following: — If  a  frog  be  decapitated  and  rapidly 
eviscerated,  the  skin,  fore  limbs  and  abdominal  walls  removed,  so  as  to 
leave  nothing  but  the  spine,  pelvis  and  legs  with  their  attached  muscles; 
and  if  all  the  nerves  still  remaining  be  divided,  except  the  coccygeal ; 
the  posterior  lymph-hearts  may  be  seen  beating  with  vigour  and  ra- 
pidity. In  such  a  preparation  section  of  the  whole  spine  between  the 
5th  and  6th  vertebrae  causes  instant  stoppage  of  the  posterior  hearts, 
after  which  it  is  extremely  rare  to  observe  in  them  any  further  move- 
ments.    If  a  constant  current  (from  3 — 6  small  Daniell  cells)  be  passed 

*  Possibly  also  the  centre  may  vary  somewliat  in  position  in  the  cord  ;  and  the  cord 
in  the  spinal  canal. 
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across  the  end  of  the  cord  thus  exposed  at  the  6th  vertebra  once  a 
second  by  means  of  a  Stromunterbrecher,  rhythmical  contractions  of 
the  lymph-hearts  and  of  the  few  muscles  supplied  by  the  coccygeal 
nerve  may  be  observed,  the  rhythm  corresponding  with  the  rate  of  the 
interrupter.  At  first  the  contraction  of  hearts  and  muscles  is  so  rapid 
and  simultaneous  that  it  is  hard  to  discriminate  the  pulsations  of  the 
former ;  but  after  the  current  has  passed  in  the  manner  described  for 
several  minutes,  the  muscles,  unaccustomed  to  repeated  stimulation, 
give  feebler  and  more  transient  responses.  In  consequence,  diastole  of 
the  hearts  occurs  a  fraction  of  a  second  after  the  muscles  are  relaxed, 
and  the  pulsation  ceases  to  be  obscure. 

Before  dividing  the  spine  between  the  5th  and  6th  vertebrae  the 
upper  end  of  the  cord  may  be  stimulated  by  means  of  induced  currents 
of  moderate  strength.  On  inserting  the  tips  of  the  electrodes  into 
the  end  of  the  cord  prior  to  passing  the  current  the  lymph-hearts 
are  usually  brought  to  rest  in  diastole,  beginning  again  to  beat  in 
a  few  seconds.  On  passing  a  current  which  is  strong  enough  to  affect 
slightly  the  dorsal  and  coccygeal  muscles  the  hearts  may  be  slowed  or 
stopped.  Stimulation  should  not  be  prolonged  or  oft  repeated,  for  the 
inhibitory  fibres  seem  readily  to  tire.  It  is,  probably,  for  this  reason 
that  entire  inhibition  cannot  be  maintained,  by  continuing  stimulation, 
beyond  a  few  seconds. 

In  addition  to  electrical  stimuli  Suslowa  employed  chemical  stimuli, 
with  the  same  results;  and  he  recommends  the  anterior  hearts  as  prefer- 
able for  showing  the  diastolic  nature  of  the  standstill  that  follows  stimu- 
lation of  the  higher  parts  of  the  cerebro-spinal  axis. 

The  higher,  inhibitory,  centre  hitherto  spoken  of  as  existing  some- 
where above  the  atlas  vertebra,  was  described  by  Qoltz  and  after  him 
by  Waldeyer,  as  situated  in  the  medulla  oblongata;  but  Suslowa  has 
shown  that  it  exists  much  higher.  Stimulation  by  NaCl  of  the  optic 
thalami,  the  optic  lobes,  and — though  less  perfectly— of  the  medulla 
oblongata  all  cause  diastolic  standstill  of  the  two  pairs  of  lymph- 
hearts;  and  hence  the  centre  inhibiting  the  lymph-cardiac  pulsations 
must  be  placed  alongside  that  controlling  reflex  action. 

The  function  of  the  different  centres  governing  the  lymph-hearts  is 
further  illustrated  by  the  action  of  anaesthetics.  If  a  frog  be  placed 
under  a  small  bell-jar,  together  with  a  cloth  containing  chloroform  or 
pure  ether,  it  will,  by  violently  leaping,  endeavour  to  escape.  As  in- 
sensibility creeps  on,  the  lymph-hearts,  previously  normal  in  the  character 
of  their  pulsation,  may  be  seen  beating  with  great  rapidity  and  regu- 
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larity,  like  the  heart  of  a  frog  with  divided  medulla,  risisg  from  a  rate 
of  60 — 80  per  min.  to  one  of  100 — 120  or  more.    After  a  short  time 
the  hearts  beat  less  vigorously.     The  loss  of  vigour  speedily  increases 
until,  rather  suddenly,  the  hearts  stop.    About  the  same  time,  or  a  little 
before,  the  legs  have  become  perfectly  limp  and  all  signs  of  life  have  de- 
parted.   If  at  this  point  the  frog  be  drawn  from  underneath  the  bell-jar 
and  exposed  to  the  air  the  hearts  soon  regain  their  power  of  contract- 
ing, beating  now  as  rapidly  as  before  they  stopped.     If  chloroform  has 
been  used,  and  its  use  continued  until  the  lymph-hearts  have  stopped, 
the  frog  rarely  recovers,  or  only  after  many  hours,  the  rigor  of  chloro- 
form most  often  ensuing.     If  on  the  other  hand  pure  ether  has  been 
used  recovery  is  sure  and  speedy.     One  by  one  the  lost  powers  come 
back:    pinching   the  skin  causes,  first,   slight  movements  and   then 
purpose-like  acts;  respiration,  always  lost  early,  is  again  set  up,  at 
first  as  faint  infrequent  gasps.     All  this  time  the  lymph-hearts  are 
abnormally  rapid  and  continuous  in  their  beating ;  but  as  the  frog  sits 
up  and  consciousness  returns  they  become  slower,  less   regular,  and 
finally  quite  normal     On  replacing  the  frog  under  the  bell-jar  the 
sjrmptoms  recur  in  the  same  order ;  but  they  succeed  one  another  more 
quickly,  owing  to  the  previous  saturation  of  the  frog  by  ether  vapour. 
In  the  case  of  chloroform  the  first  effect  on  the  higher  nerve-centres  is 
one  of  stimulation.    Whether  this  is  generally  the  action  of  chloroform 
on  the  lymphatic  inhibitory  centres  it  is  impossible  to  determine ;  for 
the  violent  movements  of  the  frog  during  the  earlier  stages  of  narcosis 
have  themselves  an  accelerating  action    on   the   lymph-hearts   which 
would  effectually  mask  any  slowing  due  to  stimulation  of  the  inhibitory 
centre. 

With  regard  to  the  final  cessation  of  lymph-cardiac  movements 
caosed  by  anaesthetics  it  should  be  noted  that  those  lymph-hearts  which 
are  beating  after  separation  from  the  spinal  centres  are  also  brought  to 
rest  under  the  same  agents. 

It  has  long  been  known  that  the  lymph-hearts  of  frogs  are  in  con- 
nection with  nerves  of  the  afferent  system.  Schiff*  pointed  out  that 
strong  sensory  impressions  led  to  transitory  stoppage  of  the  hearts ;  and 
Ooltz"  discovered  that  in  the  Klopfversuch  the  blood-heart  and  lymph- 
hearts  behave  alike.  Goltz"  further  noticed  that  repeatedly  squeezing 
the  auricles  of  the  blood-heart  also  causes  prolonged  diastole  of  the 
lymph-hearts;  in  which  observation,  as  well  as  in  the  last,  he  has 
received  confirmation  from  Waldeyer",  ' 

The  mechanism  of  this  reflex  inhibition  is  interesting.   The  stimulus 
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of  striking  the  abdomiDal  viscera  would  seem  to  pass  first  of  all  to  the 
highest  centre,  or,  at  least,  to  traverse  the  medulla  oblongata  either 
before  or  after  reflection,  since  division  of  the  medulla  beneath  the 
atlanto-occipital  membrane  prevents  the  inhibition  (Goltz"),  The 
same  may  be  said  of  squeezing  the  auricles,  which  is  of  no  eflect  after 
division  of  the  vagi,  whose  roots  aro  traceable  into  the  same  region  of 
the  cord  (Goltz"). 

On  the  other  hand  I  have  observed  that  pinching  or  lacerating  the 
skin  often  inhibits  the  posterior  hearts  of  frogs  hours  after  the  medulla 
has  been  divided  at  the  usual  level  and  the  brain  in  front  destroyed. 

But  whatever  be  the  nature  of  the  afierent  nervous  stimuli  of  the 
lymph-hearts,  such  stimuli  seem  unnecessary  for  the  rhythmical  pulsa- 
tions of  the  hearts.  Volkmann  showed  that  in  a  headless  frog,  divi- 
sion of  the  posterior  root  of  its  proper  spinal-nerve,  after  section  of  all 
the  other  nerves  of  the  body,  caused  no  stoppage  of  the  lymph-heart ; 
and  the  spinal  cord  of  a  decapitated  frog  may,  as  I  have  observed,  be 
split  in  the  plane  of  the  fissures,  without  prejudicing  in  the  least,  or 
as  far  as  I  have  noticed,  modifying,  the  motions  of  the  hearts.  This  is 
obviously  best  to  be  done  opposite  the  anterior  hearts  where  the  greater 
thickness  of  each  half  of  the  cord  protects  the  centres  from  accidental 
injury  by  the  knife.  Thus  in  correspondence  with  the  independent 
rhythm  of  the  hearts  of  opposite  sides,  the  centres  are  seen  to  be  totally 
separate  from  one  another,  and  to  derive  their  impulses  entirely  from 
their  own  side  of  the  body*. 

*  Suslowa  (^c.  eit.)  makes  a  corioas  statement  affecting  the  reflex  connections  of  the 
lymph-heart,  which  I  have  not  yet  tried  to  confirm.  He  says: — (5)  Wenn  man  dem 
Frosche  alle  in  das  Biickenmark  eintretenden  Wnrzeln  dorchschneidet  und  das  Thier 
sich  erholen  lasst,  die  hinteren  Lymphherzen  in  einen  dauemden  StiUstand  (natUrlich 
diastolischen)  verfallen,  nnd  (6)  Dass  diese  Buhe  in  eine  dauemde  Thatigkeit  Ubergeht 
sobald  man  dem  Thier  alle  RavU  Communicantes  zwischen  dem  Biickenmark  and  der 
sympathischen  Kette  darchschneidet  {Centralblatt).  Further  :•— Wenn  man  einem  Frosche 
mit  den  in  Folge  der  Durchschneidung  aller  sensiblen  Btickenmarkswurzeln  stillstehenden 
Lymphherzen  den  Eopf  abschneidet,  oder  den  Schnitt  an  der  oberen  Grenze  des  yer- 
langerten  Marks  ftthrt,  die  Lymphherzen  nnmittelbar  darauf  in  eine  bis  zom  Tode 
andauem  Thatigkeit  versetzt  werden  {Zeitsch,  /.  rat,  Med, ). 

According  to  this  view  the  movements  of  the  lymph-hearts  are  constantly  controlled 
by  opposing  afferent  stimuli,  exciting  and  inhibiting.  Of  these  the  exciting  stimuli 
traverse  the  sensory  spinal  roots,  while  the  inhibiting  run  in  the  sympathetic  communi- 
cating branches  and  the  spinal  cord,  to  reach  the  encephalic  inhibitory  centre.  In  sup- 
port, Suslowa  quotes  and  confirms  Waldeyer's"  observation  that  the  lymph-hearts 
may  be  induced  tooontractby  pinching  the  skin.  On  the  other  hand  Schiff  (he.  cit.) 
has  stated  that  sensory  stimuli  which  cause  general  tetanus  in  a  strychnized  frog  lead  to 
no  tetanus  of  the  lymph-hearts,  but  merely  to  an  ordinary  contraction. 
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With  regard  to  the  influence  of  the  blood-circulation  upon  the 
pulsation  of  the  lymph-hearts,  Schiff "  has  stated  that  if  all  the  vessels 
springing  from  the  base  of  the  heart  are  deligated,  the  lymph-hearts 
soon  come  to  rest.  If  the  apex  of  the  ventricle  be  cut  ofif  in  a 
brainless  frog,  and  the  blood  let  flow,  the  lymph-hearts  become  slower 
and  slower  in  their  beating  and  at  length  flicker  and  stop.  This 
occurs  within  an  hour  from  the  time  when  bleeding  began.  Shortly 
afterwards  it  may  be  noticed  that  the  power  of  reflex  action,  manifestly 
decreasing  before,  has  departed  from  the  spinal  cord.  That  this  is 
due  to  the  functional  death  of  the  spinal  motor  centre  and  not  to  the 
stoppage  of  the  lymph-current  into  the  hearts,  is  shown  by  the  follow- 
ing experiment.  K  the  aorta,  vena  cava  inferior,  and  abdominal  vein 
of  a  brainless  frog  be  ligatured  on  a  level  with  the  top  of  the  kidneys, 
whereby  the  lower  half  of  the  trunk  and  the  hinder  extremities  are 
deprived  of  blood,  while  the  spinal  cord  is  still  supplied  by  means  of 
its  vertebral  artery ;  and  if,  as  an  additional  precaution,  all  the  tissues 
of  the  hind  legs,  except  the  sciatic  nerve,  be  severed  from  the  trunk ; 
the  posterior  pair  of  lymph-hearts  may  be  seen  beating  with  sensibly 
undiminished  vigour  for  more  than  two  days. 

Moreover,  section  of  one,  or  of  both,  sciatic  nerves  near  the  hip- 
joint  does  not  alter  the  beats  of  the  posterior  lymph-hearts,  although 
such  a  section  involves  great  dilatation  of  blood-vessels  in  a  large 
region  supplying  them  with  lymph.  And  tightly  ligaturing  one  or 
both  thighs  close  to  the  trunk  is  equally  ineffectual ;  although  by  such 
a  procedure  a  large  portion  of  the  lymph  usually  flowing  into  the 
posterior  lymph-hearts  is  intercepted. 

The  influence  of  respiration  upon  the  lymph-hearts,  though  not 
peculiar,  is  deserving  of  notice.  Pulmonary  respiration  may  be  abolished 
altogether  without  affecting  their  movements,  as  Schiff*  proved  by 
catting  the  vagi  and  thus  closing  the  glottis  ;  but  if,  besides  pulmonary 
action,  cutaneous  action  be  stopped,  by  ligaturing  the  pulmo-cutaneous 
vessels,  and  immersing  the  frog  in  an  oil-bath  (Suslowa"),  the  lymph- 
hearts  become  feebler  and  feebler,  and  finally  cease  to  move.  Before 
the  latter  event  happens,  however,  the  higher  inhibitory  centre  seems 
to  enlarge  its  hold  upon  the  lower  motor  centres  of  the  hearts ;  for 
division  of  the  medulla  at  the  atlanto-occipital  membrane  is,  at  this 
stage,  followed  by  a  more  marked  acceleration  of  the  posterior  hearts 
thiui  when  such  division  is  practised  in  the  normal,  arterialized  frog 

(Suslowa")- 
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Conclusion. 

The  salieDt  points  of  the  normal  Anatomy  and  Physiology  of 
Lymph-hearts  may  now  be  indicated. 

1.  The  hearts  are  muscular  sacs,  the  fibres  of  which  branch  and 
freely  anastomose,  and  are  transversely  striated.  Their  walls  are 
penetrated  by  meduUated  and  non-meduUated  nerve-fibres,  and  small 
nerve-ganglia  are  situated  in  the  neighbourhood  of  the  hearts ;  but  no 
ganglion-cells  have  as  yet  been  recognised  amidst  the  muscular  fibres. 
They  collect  the  lymph  from  more  or  less  extensive  lymphatic  regions 
and  force  it  past  valves  into  large  veins,  the  anterior  pair  of  hearts 
into  branches  of  the  jugular,  the  posterior  pair  into  branches  of  the 
ischiatic  vein.  They  are  supplied  by  nerves  from  the  spinal  cord,  the 
anterior  pair  by  the  second,  the  posterior  pair  by  the  tenth  spinal 
nerve. 

2.  The  hearts  exhibit  throughout  life  a  pulsation  with  a  mean  rate 
of  60-70  a  minute.  It  is,  however,  not  continuously  regular,  being 
intermpted  by  pauses,  and  by  periods  of  great  acceleration.  The 
pauses  sometimes  follow  movements  on  the  part  of  the  animal,  but 
often  they  cannot  be  set  down  to  any  definite  cause.  After  such 
pauses,  the  pulsations  begin  as  twitches  before  falling  into  beats  of 
normal  fulness.  The  periods  of  acceleration  also  seem  to  be  determined 
for  the  most  part  by  movements  of  the  animal. 

3.  The  hearts  are  governed  by  cerebro-spinal  centres, — motor  and 
inhibitory.  The  motor-centres  are  situated  in  the  spinal  cord,  those 
for  the  anterior  pair  opposite  the  3rd,  and  those  for  the  posterior  pair 
opposite  the  6th  vertebra.  They  transmit  their  impulses  down  the 
appropriate  spinal  nerves  of  their  own  side  of  the  body ;  and  each  is 
independent  of  the  rest.  They  originate  the  normal  rhythm  of  the 
hearts,  and  their  action,  whatever  its  exact  nature,  is  automatic,  or  not 
due  directly  to  afferent  stimuli :  hence  no  change  in  the  lymph-current 
traversing  the  hearts  can  alter  their  rhythm.  The  inhibitory  centre  is 
situated  in  the  encephalon,  in  the  optic  lobes;  it  is  constantly  in 
action. 

4.  These  centres  are  in  connection  with  afferent  nerves.  Stronsr 
stimuli,  applied  to  the  blood-heart  or  to  the  abdominal  viscera,  lead  to 
inhibition  of  the  lymph-hearts,  if  the  upper  centre  is  intact.    While 
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strong  sensory  stimuli,  applied  to  the  skin,  may  inhibit  the  lymph-hearts 
whether  the  upper  centre  is  present  or  not. 

5.  But,  though  governed  by  the  above  centres,  the  lymph-hearts 
seem  capable  of  an  irregular  pulsation  when  separated  from  them. 
Such  pulsation  consists  of  flickers  and  indefinite  confused  twitchings, 
for  the  most  part,  which,  when  the  heart  is  vigorous,  harmonize  occa- 
sionally to  full  beats.  The  nature  of  these  movements  is  still  doubtful. 
The  most  that  can  be  said  about  them  is,  tb^t  they  are  probably  not 
solely  muscular,  since  curare  abolishes  them. 
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CONTRIBUTIONS  TO  THE  PHYSIOLOGY  OF  BATRA- 
CHIAN  LYMPH-HEARTS.  By  JOHN  PRIESTLEY, 
AssiatarU  Lecturer  in  Fhyaiology  in  Owens  CoUege,  Manchester. 

(From  Vie  Physiological  laboratory  qf  Owens  College.) 

Introduction. 

Since  the  discovery  of  lymph-hearts  in  the  Frog,  by  Johannes  Milller 
and  Panizza  in  1832--3,  much  attention  has  been  bestowed  upon  their 
nervous  anatomy  and  physiology.  This  attention  has  been  largely 
owing  to  the  interest  which  has  in  the  same  time  centred  about  the 
innervation  of  the  blood-heart.  Nevertheless,  neither  the  blood-heart 
nor  the  lymph-hearts  can  as  yet  be  said  to  be  thoroughly  understood. 

While  engaged  in  working  over  the  normal  anatoiny  and  physiology 
of  lymph-hearts,  it  occurred  to  me  that  to  institute  a  very  careful  com- 
parison between  the  lymph-  and  blood-hearts,  might  lead .  to  a  mutual 
illumination  of  their  nervous  arrangements.  On  the  one  hand,  we 
have  in  the  lymph-heart  a  rhythmically  contracting  muscle,  that  can 
be  separated  from  its  nerves,  by  curare,  as  readily  as  can  an  ordinary 
voluntary  muscle.  Hence  we  may  examine,  quite  apart  from  the 
nervoiis  system,  the  properties  of  a  muscle  that  pulsates  throughout 
life.  On  the  other  hand,  if  such  a  comparison  led  to  close  analogies  in 
function  between  parts  of  the  mechanisms  of  the  two  hearts,  we  might 
see  in  such  analogies  a  clue  to  the  innervation  of  the  lymph-hearts. 

A  comparison  of  this  nature  would  comprise  an  investigation  of  the 
effects  of  the  cardiac  drugs  upon  the  lymph-hearts,  and  an  examina- 
tion of  the  action  upon  them  of  electrical  currents. 

Unfortunately,  I  am  not  able  just  now  to  conclude  the  work,  but  I 
hope  to  do  so  at  a  future  day.  In  the  meantime,  I  publish  the  obser- 
vations! have  already  made. 

I.    On  the  Action  of  Electrical  Currents  on  tnifi 

Lymph-hearts. 

i.    On  the  Action  of  Induced  Currents. 

The  muscles  of  the  voluntary  system  are  more  differentiated  than 
the  mascles  of  the  blood-heart,  or  the  muscles  of  the  intestines,  arteries, 
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and  ureter.  But  this  differentiation  only  affects  certain  non-essential 
parts:  and  the  difference  between  either  kind  of  involuntary  muscle 
on  the  one  hand,  and  voluntary  muscle  on  the  other,  becomes  even  less 
if  Engelmann*s*,  and  Foster  and  Dew-Smith's+  view  be  correct, 
that  the  muscular  substance  of  the  ureter,  or  of  the  blood-heart,  forms 
a  physiological  whole.  For  then  the  whole  heart  or  the  whole  ureter 
(Engelmann),  must  be  likened  to  a  single  muscular  fibre  of  the  volun- 
tary sort,  since  each  is  a  contractile  mass,  throughout  which  nuclei  are 
scattered.  In  this  light,  the  sarcolemma  becomes  even  a  less  im- 
portant distinction,  than  it  is  if  the  so-called  cells  of  involuntary 
muscle  are  regarded  as  the  structural  units.  On  the  other  hand,  the 
curious  tendency  to  become  fibrillated  or  to  cleave  in  planes  at  right 
angles  to  one  another,  which  all  muscular  tissues  of  the  body  may 
exhibit,  seems  a  strong  indication  of  essential  identity  of  structure. 

Be  that  as  it  may,  there  are,  physiologically  speaking,  but  two  sorts 
of  muscular  fibres,  viz.,  those  which,  under  ordinary  rapidly  succeeding 
stimuli,  contract  rhythmically  and  know  no  tetanus ;  and  those  which, 
under  similar  stimuli,  contract  continuously  or  exhibit  a  tetanus.  This 
capacity  or  incapacity  to  maintain  a  constant  contraction,  would  seem 
to  argue  very  important  differences  in  the  internal  economy  of  the 
contractile  matter — differences  no  doubt  affecting  what  we  may  call  the 
commissariat.  It  appeared,  therefore,  a  matter  of  interest  to  determine 
(what  has  not  yet  been  determined  beyond  all  question,  even  in  the 
case  of  the  tip  of  the  ventricle,  viz.),  whether  muscle  entirely  de- 
prived of  all  nervous  connections  has  ever  the  power  of  relaxing 
in  the  face  of  a  strong  stimulus,  and  getting  ready  for  another  contrac- 
tion ;  whether,  in  fact,  muscles  exist  which  at  a  given  moment  possess 
available  energy  for  one  contraction  only. 

In  order  to  test  this,  I  made  the  following  experiments.  A  frog 
recently  decapitated  was  taken,  and  the  skin  of  the  back  divided  so  as 
to  expose  the  posterior  lymph-hearts.  The  thighs  were  amputated  close 
to  the  pelvis  to  prevent  disturbance  during  stimulation:  and  all  the 
spinal  nerves  were  divided  close  to  their  vertebral  foramina,  except  the 
tenth  or  coccygeal  which  supplies  the  posterior  hearts.  The  division 
of  the  spinal  nerves  is  best  effected  by  laying  the  frog  on  its  belly,  and, 

•  Th.  W.  Engelmann  Znr  Phyniologie  des  Ureter,  Pfliiger's  Arch,  ii.  p.  243,  xi. 
p.  466 ;  Th.  W.  Engelmann,  Centralblatt,  1870,  No.  18,  p.  281. 

t  Foster  and  Dew-Smith,  '*  On  the  Behaviour  of  the  Hearts  of  Mollusks,  Ac."  Pro- 
eeedingi  of  the  Royal  Society,  No.  160,  1875.  Also  Studieifrom  the  Physiological  Labora- 
tory in  the  Univertity  of  Cambridge,  Part  ii.  p.  98 ;  Part  iii.  p.  2. 
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with  a  stroke  of  the  scissors,  cutting  through  the  posterior  body-wall 
from  top  to  bottom  on  each  side,  parallel  with  the  tips  of  the  vertebral 
transverse  processes.  In  this  way,  the  vertebral  column  and  attached 
pelvis,  forming  a  strip  of  the  posterior  body- wall,  still  connected  with 
the  rest  of  the  animal  by  the  lower  end  of  the  pelvis,  may  be  lifted 
up,  and  the  blood-vessels,  sympathetic  nerves,  kidneys,  etc.,  separated 
from  its  under  surface.  By  the  same  act,  the  nerves  of  the  ischiatic 
plexus  are  exposed  to  view,  and  may  be  divided  one  by  one.  -  The 
vertebral  column  may  then  be  let  fall  into  its  former  position,  and 
maintained  in  it  by  means  of  pins  passed  through  to  the  table. 

After  doing  this,  the  spine  was  snipped  through  with  scissors  oppo- 
site the  7th  vertebra,  or  between  the  6th  and  7th;  whereupon,  the 
hearts  usually  came  to  a  dead  and  permanent  standstill.  If  they  at 
first  exhibited  twitches  or  movements  of  any  sort,  I  waited  a  short  time 
until  these  had  ceased^ 

A  pair  of  ordinary  non-polarizable  electrodes  were  then  placed  in 
position,  one  at  each  side  of  the  anal  extremity  of  the  pelvis,  at  the 
ends  of  a  line  passing  through  the  lymph-hearts,  and  just  where  the 
stump  of  the  thigh  joins  the  side  of  the  pelvis.  The  non-polarizable 
electrodes  formed  the  two  ends  of  the  secondary  coil  of  a  Du  Bois' 
induction  apparatus,  in  the  course  of  which  was  a  key  breaking  the 
wire  to  both  poles  at  the  same  moment.  The  primary  coil  was  worked 
by  a  single  Grove's  cell,  and  also  had  a  key  in  its  course.  The  current 
equalizer  of  Helmholtz  was  not  used.  Sometimes  I  observed  the  effects 
of  the  current  on  both  hearts :  but  usually  one  heart  was  more  favour- 
ably placed  towards  the  light  than  the  other,  and  in  consequence 
received  greater  attention  ;  observations  were  begun  with  the  secondary 
coil  far  enough  removed  from  the  primary  to  be  of  no  effect,  and  the 
coils  were  gradually  approximated. 

Under  these  conditions,  lymph-hearts  were  examined  of  frogs  that 
had  been  curarized  either  by  local  application  of  a  strong  solution,  or 
by  injection  into  the  dorsal  lymph-sac  of  a  drop  of  solution  capable 
of  inducing  paralysis  in  about  15  minutes.  In  the  latter  case,  it  was 
unnecessary  to  divide  the  spinal  nerves,  or  to  cut  off  the  lymph-hearts 
from  their  spinal  centres.  However  curare  had  been  administered  the 
results  were  the  same ;  and  what  the  results  have  been,  will  perhaps  be 
best  seen  from  the  following  notes  of  experiment 
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Exp.  I.  8  h.  Injected  2 — 3  drops  of  strong  solution  of  cui*ai'o  into  dorsal 
lymph-sac. 

8  h.  20  m.     Perfect  paralysis  of  frog. 

9  h.  Frog  already  prepared  as  above  described,  omitting  section  of  spinal 
nerves  and  division  of  spinal  cord.  Electrodes  placed  in  position ;  hearts 
quite  still. 


Time. 

Distance 

between 

coils  in  cn^, 

Remarks. 

h.    m. 
9 

9     2 
9     2 

to 
9  15 

8 
7 

6 

6 

to 

0 

Tetai^us  of  interpolar  muscles  :  hearts  not  afiocted. 

Tetanus  of  inter[)olar  muscles,  especially  of  ilio-coccy- 
geala,  but  not  of  hearts  (?;. 

Hearts  begin  to  be  affected  by  the  currents. 

I  made  very  numerous  trials  with  various  strengths  of 
current :  the  result  being  in  most  cases  a  perfect,  firm 
tetanus  of  the  hearts  lasting  the  whole  time  of  passage 
of  current.  Occasionally  the  hearts  would  twitcb  a 
few  times  during  stimulation,  but  always,  I  thinic, 
when  other  interpolar  muscles  were  twitching  through 
exhaustion  or  some  other  cause. 

Exp.  it.     8h.     Injected  2 — 3  drops  of  strong  solution  of  curare   into 
dorsal  lymph-sac. 

8  h.  20  m.     Perfect  pai*alysis  of  fix)g.  ' 

10  h.     Prepared  frog  as  in  last  experiment. 


Time. 


b.    n^. 


10  10 


10  30 


Distance 

between 

coils  in  cm. 


Remarks, 


Passed  currents  for  1  m.  15  8,  Firm  tetanus  of  all  parts 
between  electi-odes,  including  the  lymph-hearts :  to- 
wards close  of  stimulation  the  ilio-coccygeals  exhi- 
bited a  few  twitches,  jerking  the  coccyx  to  one  side. 

Same  result  as  at  lOh.  4  m.,  except  that  the  twitches  of 
certain  of  the  interpolar  muscles  appeared  sooner.  I 
believe  there  were  now  a  few  similar  quivers  of  the 
left  heart,  but  certainly  none  whatever  of  the  right, 
which  remained  in  firm  tetanus. 

From  the  time  of  the  last  tiial  until  lOh.  30  m.  several 
trials  were  made  with  the  same  general  result;  but 
now  no  tremors  or  twitches  whatever  occurred  to  mar 
the  ex|>eriment. 
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Exp.  IIL  Fix)g  decapitated.  All  nerves,  except  the  tenth,  divided.  Thighs 
amputated.  Electrodes  placed  in  positioo,  as  described  above,  while  the  hearts 
were  yet  beating.  Divided  spine  between  6th  and  7th  vertebrae.  Hearts 
quite  stilL 

10  h.  49  m.     Dropped  strong  solution  of  curare  on  the  Ijinph-hearts. 


Distance 
Time.     '   between 
leoils  in  cm. 


Bemarks. 


it.     m. 
10  52 


10  55 
11 


11     2 


Tetanus  of  interpolar  muscles. 

Perfoct  systole  of  lymph-heart  cUinost  U^e  wfiole  time  of 
pcuising  stimulus  (ue,  iiearly  60  sec,).  Towards  the 
close  of  stimulation  the  heart  relaxed  gradually ;  then 
came  a  slight  twitch  or  two,  and  at  the  same  time  a 
few  fibres  of  the  ilio-coccygeal  muscle  were  observed 
to  twitch. 

Again  bathed  with  curare. 

Tetanus  of  interpolar  muscles,  quite  free  from  twitches. 
Perfect  systole  of  lymph-heart,  slowly  and  evenly  giving 
way  to  relaxation  towards  the  close  of  stimulation, 
which  lasted  60  sec.  No  movements  of  any  kind  fol- 
lowed relaxcUion. 

Tetanus  of  interpolar  muscles,  quite  free  firom  twitchings. 
Lymph-heart  behaved  exactly  as  at  1 1  h.  during  stimu- 
lation, which  lasted  2  min.,  t.  e.  perfect  systole,  giving 
place  to  relaxation  unmarred  by  any  movements  what- 
ever. 


From  these  and  similar  experiments,  we  may  at  once  conclude  that 
the  muscles  of  the  lymph-hearts  entirely  detached  from  their 
nerves  by  means  of  curare  can  be  thrown  into  tetanus  that 
differs  in  no  sensible  respect  from  the  tetanus  of  ordinary  striated  muscle. 

After  this  result,  the  suggestion  is  obvious  to  try  the  effect  of 
interrupted  currents  on  the  lymph-cardiac  spinal  nerves.  This  may 
be  done  at  two  points  in  their  course,  either  as  the  nerve  is  crossing 
the  ilio-coocygeal  muscle  to  reach  its  destination,  or  just  as  the  nerve 
has  left  its  centre  in  the  spinal  canal,  where  it  may  be  stimulated, 
together  with  the  filum  terminale  of  the  cord,  and  the  members  of 
the  ischiatic  plexus. 

In  either  case  but  little  modification  in  the  experimental  steps  is 
needed.  In  order  to  practise  stimulation  in  the  ilio-coccygeal  region, 
the  shoulder-girdle  and  the  whole  of  the  abdominal  viscera  which  have 
been  separated  from  the  under  surface  of  the  spinal  column  as  already 
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described,  must  be  removed,  by  cutting  through  the  skin,  etc.,  that  still 
binds  them  to  the  lower  part  of  the  pelvis.  Further,  the  thighs  must 
be  amputated,  as  well  as  the  nerves  of  the  ischiatic  plexus  divided. 
The  remnant  of  the  frog,  consisting  of  spinal  column  and  pelvis,  may 
then  be  suspended  vertically  by  means  of  a  clamp,  and  a  pair  of  fine 
platinum  electrodes  slipped  beneath  the  abdominal  branch  of  the  tenth 
nerve  as  it  runs  from  the  coccyx  downward  and  outward.  When  this 
has  been  done,  the  hearts  may  both  be  seen  beating  vigorously  and 
regularly.  All  that  is  now  needed  to  complete  the  preparation  is,  to 
divide  the  abdominal  branch  of  the  tenth  nerve  above  the  electrodes, 
taking  care  so  to  divide  it,  as  that  it  shall  be  kept  stretched  over  the 
electrodes  by  means  of  the  connective  tissue  binding  it  to  the  face  of 
the  ilio-coccygeal  muscle.  If  the  heart  of  the  same  side  stops,  we 
know  that  its  spinal  nerve  descends  in  the  abdominal  branch  of  the 
tenth  nerve;  if  it  does  not  stop,  it  is  perhaps  more  convenient  to 
prepare  another  frog  than  to  hunt  for  the  dorsal  branch — the  alternative 
path  of  the  lymph-cardiac  fibres — and  place  the  electrodes  beneath  it. 

In  order  to  practise  stimulation  of  the  lymph-cardiac  nerves  while 
yet  in  the  spinal  canal,  the  following  plan  was  adopted.  Before  divi- 
ding the  spine  to  separate  the  posterior  hearts  from  their  spinal  centres, 
the  back  of  the  8th  vertebral  arch  was  removed.  The  spine  was  then 
divided  between  the  6th  and  7th  vertebras  ;  and  when  the  hearts  were 
quite  at  rest,  one  non-polarizable  electrode  was  inserted  into  the  window 
at  the  back  of  the  8th  vertebra,  and  the  other  applied  to  the  exposed 
end  of  the  cord. 

As  the  consequence  of  many  experiments)  I  am  inclined  to  believe 
that,  wherever  their  nerves  are  stimulated,  the  lymph-hearts 
behave  like  an  ordinary  muscle-nerve  preparation,  except 
that  they  have  a  much  higher  minimal  stimulus.  This  may 
be  illustrated  by  the  following  extract  from  my  Laboratory  Book 
descriptive  of  an  experiment  which  a  note  added  immediately  after  the 
observation  characterizes  as  a  very  perfect  case ;  there  were  absolutely 
no  twitches  to  mar  the  firm  tetanus  of  the  ilio*coccygeals,  and  the 
lymph-hearts  behaved  exactly  like  ordinary  striated  muscle-nerve  pre- 
parations. 

Exp.  IV.  Frog  decapitated.  All  nerves,  except  the  tenth,  divide<l. 
Abdominal  viscera,  etc.,  removed.  Legs  amputated.  Back  of  8th  vertebral 
Hi-ch  removcil.  Cord  snipped  across  between  6th  and  7th  vertebrw.  Noii- 
polarizable  electrodes  placed  in  po»iti(»n  as  above  described. 
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Distance 

Tima 

between 
coils  in  cm. 

Bemarkcu 

h.    m. 

3    7 

30 

No  contractions  whatever  of  any  muscles. 

25 

Contractions  and   twitches   of  ilio-ooccygeal   muscle  of 
left  side. 

22 

Stronger  contraction  of  ilio-coccjgeal  muscle :   none  of 

hearts. 
Still  stronger  contraction  of  ilio-coccygeal    muscles   of 

20 

both  sides,  with  no  twitches  whatever. 

18 

Firm  tetanus  of  ilio-coccygeal  muscles,  unmarred  by  any 
twitches  whatever :  no  (?)  movement  of  hearts. 

12 

No  movement  of  hearts ;  firm  tetanus  of  ilio-coccygeals. 

10 

Systole  (tetanic)  of  hearts,  just  like  that  of  neighbouring 
muscle**. 

11 

No  contraction  of  hearts. 

Repeated  the  above  tetanic  stimulation  of  hearts  many 
times  with  exactly  the  same  result,  i,e,  a  firm  tetanus 

3  40 

of  the  heaits  and  surrounding  muscles  unmarred  by 
any  twitches  whatever. 

Such  were  the  phenomena  of  hearts  brought  to  complete  standstill 
by  separation  from  their  spinal  centres.  The  case  of  hearts  still  ex- 
hibiting movements  after  a  similar  separation*  was  substantially  the 
same ;  viz.  (1)  a  much  greater  minimal  stimulus  was  required  to  affect 
them,  than  sufficed  to  affect  the  other  nerve-^supplied  striated  muscles ; 
and  (2)  when  that  minimal  stimulus  had  been  reached,  the  stimulus 
caused  the  hearts,  twitching  vigorously  before,  to  rush  into  systole,  which 
gave  place  to  vigorous  twitchings  again  on  discontinuing  the  stimulus. 

But  although  the  above  experiment  (IV.)  may  be  regarded  as  a 
typical  one  when  the  irritability  of  the  preparation  and  contact  of 
the  electrodes  are  absolutely  perfect,  yet  I  should  say  I  have  found 
considerable  difficulty  in  securing  such  perfect  conditions.  Especially 
when  working  with  non-polarizable  electrodes  applied  to  the  nerves 
in  the  spinal  canal,  it  is  frequently  the  case  that  interrupted  cur- 
rents cause  a  brief  systole  of  the  lymph-hearts  breaking  at  once  into 
a  series  of  movements  which  often  curiously  simulate  beats.  When 
using  stimuli  near  the  minimal  strength  for  the  lymph-cardiac  nerves 
this  is  commonly  the  effect ;  and  the  firm  tetanus  of  the  surrounding 
muscles,  to  which  the  same  strength  of  current  is  a  most  powerful 
stimulus,  forms  a  very  misleading  contrast  to  the  movements  of  the 
lymph-hearts.     These  movements  are  however  never  deliberate  beats 

*  See  the  preceding  paper,  p.  6. 
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such  as  the  ventricle  of  the  blood-heart  exhibits  when  stimulated  by 
strong  tetanizing  currents ;  they  are  explosive  in  character  even  when 
full,  and  are  most  frequently  confused  or  twitchy.  Generally  (but  not 
always)  it  is  possible  by  increasing  the  intensity  of  the  current  to  drive 
the  hearts  into  perfect  systole,  unless  indeed  their  nerves  are  nearly 
exhausted ;  and  it  is  always  possible  by  such  increase  of  stimulus  to 
extend  the  duration  of  the  tetanic  systole  invariably  preceding  the 
pulse-like  movements.  In  short,  the  movements  are  not  to  be  attri- 
buted to  some  peculiar  organization  of  the  lymph-cardiac  muscles  or 
nerves :  they  rather  find  their  parallel  in  twitches  such  as  the  coccygeal 
muscles  exhibited  in  Exp.  IV.,  when  the  secondary  coil  stood  at  25  cm. 

I  mention  this  source  of  fallacy  because,  though  fully  alive  to  its  exist- 
ence in  the  imperfect  contact  of  electrodes  or  commencing  exhaustion 
of  the  fibres  stimulated,  yet  for  some  time  I  was  under  the  impression 
that  the  lymph-hearts  while  connected  with  their  spinal  nerves  could  not 
be  forced  into  tetanus  except  by  exceedingly  strong  interrupted  currents. 

When  experimenting  on  the  direct  stimulation  of  curarized  lymph- 
hearts  under  the  conditions  described  on  page  21,  there  seemed  to  be 
reason  for  believing  that  the  minimal  stimulus  of  the  curarized  lymph- 
heart  muscle  was  a  slightly  greater  one  than  that  of  a  curarized  ordi- 
nary muscle.  But  I  have  not  paid  much  attention  to  the  point,  and 
on  reflection  am  not  inclined  to  lay  any  stress  on  the  observation ;  for 
the  position  of  the  lymph-hearts,  surrounded  by  connective  tissue  and 
defended  by  muscular  barriers  presenting  their  fibres  for  the  most  part 
transversely  to  the  electrodes,  is  quite  enough  to  account  for  the  slightly 
higher  minimal  stimulus  they  seem  to  require. 

In  the  next  place,  the  effect  of  the  interrupted  current  on  the 
acting  spinal  centre  of  the  posterior  lymph-hearts  was  observed.  It  is 
already  known  that  there  are  inhibitory  fibres  in  the  spinal  cord  which, 
during  life,  constantly  convey  inhibitory  stimuli  from  a  centre  in  the 
encephalon,  to  the  centre  near  the  sixth  vertebra.  These  fibres  are  to 
be  found  in  the  cord  on  the  same  side  as  the  centre  to  which  they  arc 
running :  and  they  seem,  like  the  inhibitory  vagus  fibres,  to  be,  in  the 
frog,  easily  exhausted*.  Stimulation  of  the  upper  part  of  the  cord  after 
division  of  all  spinal  nerves  except  the  tenth  pair,  can  readily  be  shown 
to  bring  the  lymph-hearts  to  rest  in  diastole,  by  merely  placing  a  drop 
of  strong  salt-solution  on  the  cord  exposed,  say,  by  decapitation.  In  a 
short  time  the  hearts  begin  again  to  beat — at  a  time  that  is  when 
the  dorsal  muscles  supplied  by  spinal  nerves  as  yet  uncut  are  still  in 
tetanic  contraction. 

*  See  the  preceding  paper,  p.  12. 
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In  cxcitiug  the  active  spinal  lymph-cardiac  centres  the  form  of 
experiment  was  substantially  that  which  has  already  been  described. 
Instead  of  snipping  the  column  across  at  the  level  of  the  seventh 
vertebra,  windows  were  made  into  the  spinal  canal  at  the  back  of  the 
fifth  and  eighth  vertebrae,  these  relatively  wide  limits  being  taken  to 
make  quite  sure  that  the  centre  was  included  between  them*.  The 
spinal  column,  resting  on  the  abdominal  viscera  of  the  frog,  was  firmly 
pinned  out  to  avoid  curling  backwards  of  the  column  in  consequence 
of  any  escape  of  current  to  the  dorsal  muscles.  The  tips  of  non-polar- 
izable  electrodes,  well  softened  with  salt  solution,  were  pushed  in  at 
windows ;  and  the  electrical  arrangements  were,  as  before,  fi  Du  Bois* 
induction  apparatus  with  the  secondary  coil  capable  of  being  broken 
on  the  side  of  both  electrodes,  a  plug-key  in  the  course  of  the  primary 
coil,  and  a  single  Grove's  cell. 

If  ordinary  platinum  electrodes  were  to  be  used,  the  backs  of  the 
seventh,  sixth,  and  fifth  vertebraB  were  removed,  and  the  cord  was 
hooked  upon  the  curved  electrodes;  or  the  electrodes  were  placed 
one  on  each  side  of  the  cord  about  the  level  of  the  sixth  vertebra. 

The  beats  of  the  hearts  (usually  of  the  one  best  to  be  seen)  were 
counted,  and  checked  by  a  watch  whose  face  was  kept  in  the  same 
field  of  vision  with  the  pulsating  hearts. 

Exp.  V.  Fi-og  decapitated.  All  nerves  divided  except  the  tenth.  Back 
of  5th  and  8th  vertebrae  removed,  non-polarizable  electrodes  well  moistened 
with  salt  solution  applied  to  coi-d. 
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I 

Distance 

Heart's 

Time. 

between 

rate  in 

1 

coils  in  cm. 

10  sec. 

h.    in.    8. 

12  32 

8.    9 

8 

8 

12  35 

12  35  30 

6     7 
7 

7 

12  38 

6-7 

12  39 

30 

7 

12  40 

25 

7     8 

12  41 

22 

7—8 

12  42  30 

22 

7 

12  43 

20 

7 

Bemarks. 


Noiinals  just  before  applying  electrodes. 


Applied  electrodes. 


No  contractions  of  muscles.  Stimulated  for  10  sec. 
Ditto.  Ditto. 

Slight  movement  of  coccygeal  muscles.     Ditto. 
Ditto.  Ditto. 

Tetanus  of  coccygeal  muscles.  Ditto. 

*  Tlie  (ipinal  centres  of  the  posterior  hearts  posHibly  vary  somewhat  in  position  in 
the  oonL  See  An  Account  of  the  Anat,  and  PkytioL  of  Batrachian  Lymph- II carta  preceding 
thiJi  pftper. 
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Time. 

Distance 

between 

coils  in  cm. 

Heart's 
rate  in 
10  seo. 

Bemarks. 

12  44 
12  45 
12  45  30 
12  46 
12  48 

12  49 
12  b6 

12  57  30 

12  58  30 

1     2 

1     5 

1     8 

18 

17 

15 
13 

10 

7 
0 
0 

0 

6 

7     8 
4—5 
3 

7—8 
5-6 
5    6 

4—6 
2-6 

6-6 

StroDg  tetanus  of  coccygeal  muscles.       Ditto. 

Normals. 

Strong  tetanus  of  coccygeal  muscles.       Ditto. 

Ditto.                               Stimulated  for  20  sec. 

Muscles  as  before.  Heart  paused  for  several 
seconds  and  then  gave  a  few  rather  rapid 
and  hesitating  beats. 

Normals.     Let  rest  for  several  minutes. 

Normals. 

Normals. 

Firm  but  not  violent  tetanus  of  ilio-coccygeals. 

Long  diastole  of  hearts. 

Muscles  as  before.     Long  diastole  of  hearts. 

Ditto.                                  Ditto. 

Muscles  as  before.  Long  diastole  of  more 
than  30  sec,  then  a  series  of  hampered 
beats,  slow  and  imperfect  for  the  next 
minute  (stimulus  applied  all  the  time),  then 
stimulus  discontinued;  then  quietness  for 
5-7  sea ;  then  beats  quite  normal  in  appear- 
ance. 

Normals. 

Normals. 

Strong  tetanus  of  most  of  muscles  of  body. 

Current  maintained  for  3  min.,  during  which 
time  the  hearts,  now  and  then,  tried  t<> 
beat  with  full  but  hampered  beats.  On 
breaking  stimidus  the  hearts  continued  to 
rest  in  diastole  for  j  sec.,  and  then  beat 
quite  normally  12 — 13  times  in  20  sec. 
next  succeeding. 

1  20 

1  22  30 
1  23 
1  23  30 
1  23  45 

1  24 

25 
20 
15 
10 

12 

• 

Divided  cord  and  spine  in  front  of  8th  vertt?- 
bra.     Applied  electrodes,  one  to   exposed 
end  of  cord,  the  other  to  the  aperture  in 
the  8th  arch. 

Hearts  quite  still. 

No  muscular  movements. 

Ditto. 

Ditto. 

Twitches  of  ilio-coccygeal  muscles  and  contrac- 
tion of  lymph-heart  (the  left  was  observed). 

Systole  of  lymph-heart  without  movements  of 
any  other  muscle.    This  is  clearly  due  to  the 
greater  exhaustion  of  the  ordinary  muscles. 

This  was  repeated  many  times:  the  systole 
lasts  3 — 4  seconds,  i,e^  it  is  not  a  single 
beat,  and  gives  place  to  perfect  quiet. 
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£xp.  YI.  Fi*pg  decapitated.  All  nerves  divided  except  the  tentli.  Back 
of  5tli  and  8th  vertebral  arches  removed.  Noo-polarizable,  well  moistened, 
electrodes  prepared. 


Time. 


Distance 

between 

coils  in  cm. 


b.    m.    8. 
3  51  30 


3  56 

3  58 

4  1 

4     3  30 

4     5 

4  10 
4  11 


4  13 


4  15  30 
4  18 


4  20 


4  21 


4  25 


18 

15 
13 
10 

8 


8 


8 
6 


Heart*8 
rate  in 
10  seo. 


6—7 
6 

7 
7 

6-6 


7-5 

7 

5 

5 
6-6 


4(1) 


5-8 
4 


3 
3 
4 


2 

3 
2 


Bemarks. 


Normals. 


=  30  sec.  of 
stimulation. 
=  30  sec.  of 
stimulation. 
=  30  sec.  of 
stimulation. 
=  30  sea  of 
stimulation. 


Spine  pinned  out :  electrodes  applied. 

Norm^s. 

Strong  tetanus  of  ilio-coccygeals. 

Ljmph-hearts  pause  for  10  sec. 

beat  15  in  20  sec. 
Lymph-hearts  pause  for  20  sec. 

beat  7  in  10  sec. 
Ljmph-hearts  pause  for  20  sec. 

beat  5  in  10  sec. 
Lymph-hearts  pause  for  15  sec. 

beat  7-8  in  15  sec 
Normals. 
Strong  tetanus  of  ilio-coccygeals  and  of  whole 

of  leg. 
Lymph-hearts  pause  for  20  sec.  1  =  30  sec.  of 
beat  4  (?)  in  10  sec.  j  stimulation. 
Strong  tetanus  of  ilio-coccygeals  and  of  whole 

of  leg. 
Lymph-hearts  pause  for  22  or  )  __  oa  r 

21  sec,  v  ""..      I    '. 

v^x  K  •    o      ft  \  stimulation, 

beat  5  in  8  or  9  sec.  ) 

Lymph-hearts  pautte  for  15  sec.  )  =  30  sec.  of 

beat  6  in  15  sec.  j  stimulation. 

Strong  tetanus  of  ilio-coccygeals  and  whole  of 

leg. 
Lymph-hearts  pause  for   30  sec.  =  30  sec.  of 

stimulation. 
Normals. 
Ditto. 
Ditto. 

Strong  tetanus  of  legs,  etc.,  as  abova 
Lymph-hearts  pause  for  2  min.  (=  whole  time 

of  stimulation)  then  give  one  full  beat  after 

stimulus  had  been  broken  ;  then  hesitating 

beats  at  uucei-tain  intervals. 
Normals. 


Gave  time  for  rest. 
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Time. 

Distance 

between 

coils  in  cm. 

Heart's 
rate  in 
10  sec. 

Remarks. 

4  32 
4  35 
4  36 

4  50 

5 

1-6 
1 

Or  10  beats  in  tLe  minute  during  which  the 

hearts  were  counted. 
Or  6 — 7  beats  in  the  minute  during  which 

the  hearts  were  counted. 
Pause  for  3  min.  (=  whole  time  of  stimulation); 

then  imperfect,  hesitating  beats  for  1  min. ; 

then  occasional  full  beats  with  intervening 

flickers  for  some  time. 
1 — 2  beats  a  minute  in  the  minutes  during 

which  the  hearts  were  counted,  and  but  few 

intermediate  flickers. 

4  54 
4  55 
4  56  30 

18 
17 

15 
10 

Snipped  spine  across  at  level  of  7th  vertebra. 

Placed  electrodes,  one  at  exposed    end  of 

cord  and  the  other  at  the  aperture  in  the 

8th  arch.     Hearts  perfectly  quiet. 
No  movements  of  muscles. 
Contraction  of  lymph-hearts,  hiU  not  of  other 

nerve-supplied  muscles,    (Due  to  exhaustion 

of  the  other  muscles  clearly.) 
Distinct  short  tetanus  of  lymph-hearts,  but 

not  of  any  other  muscles. 
Distinct  tetanus  of  lymph-hearts,  together  with 

contraction  of  other  muscles. 

Exp.  VII.  Frog  decapitated.  All  nerves  divided  except  the  t«»nth.  Back 
of  5th  and  8th  vertebral  arches  i-emoved.  Non-polarizable,  well  moistened, 
electrodes  prepared. 


Time. 


h.   m.    8. 
1  24 


1  25  30 
1  26  30 


1  28 


Distance 

Heart's 

between 

rate  in 

coils  in  cm. 

10  sec. 

7 

8 

8 

8 

8 

8 

12 

5 

Remarks. 


Normals. 

Ditto. 

Ditto. 

Electrodes  applied  :  loft  heart  stopped. 

Left  heart  begins  again. 

Normals. 

Ditto. 

Ditto. 

Strong  tetanus  of  ilio-coccygeals. 
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Time. 


Distance 
between 
Icoils  in  cm. 


1  29  30 


1  31 


1  35 
1  39 

1  40 


1  42 


1  48 


1  55 


10 


10 

7 
5 


4-5 


4-5 

3 

0 


Heart's 
rate  in 
10  seo. 


0 


1   57 


1    57  30 


3 
2 


1) 


Bemarhs. 


Strong  tetanus  of  ilio-coccygeaL«,  and  also  of  leg. 

Ljmph-hearts  beat  3  in  10  sec.  )  =  30  sec.  of 
then  pause  for  20  sec.  j  stimulation. 

Long  diastole  of  heart:  no  doubt  whatever 
about  the  diastolic  nature  of  the  pause. 

Long  diastole. 

Heart  stopped  in  systole  for  a  few  seconds 
and  then  flickers. 

Noticed  the  hearts  were  not  going. 

On  more  careful  inspection  the  hearts  are 
found  to  be  flickering  occasionally. 

Stimulated  for  30  sec. ;  fli*st  came  a  systole ; 
then  flickers ;  then  irregular  spasmodic 
contractions;  then  the  stimulus  was  shut 
ofi*;  after  which  the  spasmodic  contractions 
continue  about  20  sec.  longer  than  the  sti- 
mulus; then  the  hearts  became  perfectly 
quiet.  No  twitches  of  neighbouring  muscles. 

Repeated  exactly,  with  the  same  result  except 

that  the   afber-contractions  only  lasted  10 

.  sec.     No  twitches  of  neighbouring  muscles. 

Systole,  followed  by  spasmodic  irregular  con- 
tractions as  before. 
'  Long  systole  of  12  to  15  sec. ;  then  irregular, 
hampered,    s]>asmodic    contractions;     and 
I      much  better  spasmodic  contractions   for  a 
I      few  seconds  on  discontinuing  stimulation. 

Slight  twitches  of  other  muscles. 


Divided  cord  and  spine  in  front  of  -Sth  (across 
the  7th)  vertebra.     Placed  electrodes,  one 
against  the  cut  end  of  the  cord,  the  other 
at  the  aperture  at  the  back  of  the  8th  ver- 
tebral arch. 
I  No  twitches  of  hearts  or  other  muscles. 
;  Contraction  of  ilio  coccygeals. 
?  of  hearts. 

Ix)ng  systole  of  hearts  and  neighbouring  mus- 
cles :  that  of  hearts  giving  way  to  flickers 
and  in-egular  beat-like  movements*. 


•  Tbene  arc  cxamp]o»  of  the  movements  cnnouBly  repcmbling  beats  spoken  of  above 
rhcn  re\iewinj»  Exp.  IV. 
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A  review  of  the  foregoing,  and  similar,  experiments  enables  us  to 
conclude : 

That  (1)  the  effect  of  interrupted  currents  on  the  lymph- 
cardiac  spinal  centres  is  an  inhibition  of  the  movements  of 
the  dependent  hearts,  and  that  the  effect  is  more  marked  the 
stronger  the  currents. 

That  (2)  the  effect  passes  gradually  from  a  slight  slowing  to 
a  complete  inhibition. 

That  (3)  the  inhibition  by  strong  currents  is  sometimes 
perfect  as  long  as  stimulation  lasts  (as  long  as  two  or  three 
minutes)  (Exp.  VI.  4**  21'";  4**  36™);  but  sometimes  is  marred  by 
occasional  beats  which  seem  to  be  hampered  or  hesitating 
(Exp.  V.  V  2'° ;  V  8™). 

That  (4)  if  the  currents  are  made  stronger  a  point  may  be 
reached  at  which  the  inhibitory  effect  is  overborne,  and  the 
stimulus  followed  by  contraction  (Exp.  VII.  1**  31°,  coil  at  5  cm.). 
The  strong  currents  necessary  to  cause  prolonged  inhibition,  or  to  step 
beyond  this  and  cause  systole,  speedily  exhaust  the  spinal  centres. 

That  (5)  a  stimulus  strong  enough  to  cause  a  slowing  or 
diastolic  pause  of  a  lymph-heart  whose  spinal  centre  is  in- 
tact, may  be  enough  to  cause  tetanic  systole  when  applied  to 
the  nerves  of  the  same  heart  after  the  centre  has  been  cut  off 
(Exps.  v.,  VI.)  ♦ 

That  (6)  the  removal  of  the  inhibitory  stimulus  sometimes 
but  not  invariably  leads  to  a  rebound  of  activity  manifested 
in  an  acceleration  of  heart-rate  (Exp.  V.  P  8"). 

The  eflfect  of  the  application  of  the  pharmacopceal  solution  of 
sulphate  of  atropia  both  directly  to  the  exposed  cord,  and  indirectly 
by  previous  injection  into  the  dorsal  lymph-sac,  was  also  tested.  In 
neither  way  was  any  difference  produced  in  the  action  of  the  inter- 
rupted current  on  the  functioning  lymph-cardiac  spinal  centre.  At 
the  same  time  it  was  observed  that  the  application  of  saturated  NaCl 
solution  to  the  exposed  upper  end  of  the  spinal  cord  of  a  frog  poisoned 
by  atropia  in  the  dorsal  lymph-sac,  produced  the  usual  inhibition 
of  the  lymph-hearts.  Hence  may  be  added  to  the  results  treated  of 
in  this  section : 

*  It  is  true  the  electrodes  in  the  latter  case  are  closer  together  by  about  the  depth  of 
a  vertebra  than  in  the  former,  and  hence  the  currents  have  less  cord  to  traverse ;  bnt  in 
both  oases  the  electrode  nearest  the  heart  is  in  the  same  position. 
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That  (7)  the  inhibitory  powers  of  the  lymph-cardiac  inhi- 
bitory nerves  are  not  abolished  by  atropia. 

In  addition  to  the  above  typical  experiments  many  others  were 
made  with  special  reference  to  the  passage  from  the  inhibiting  effect 
to  the  contracting  or  systolizing  effect  on  increasing  the  strength  of 
the  currents.  In  these  experiments^  the  details  of  which  need  not  be 
given,  the  same  doubt  was  encountered  as  in  the  experiments  of 
stimulating  the  lymph-cardiac  spinal  nerves.  There  were,  namely,  two 
sets  of  results  obtained,  one  set  in  which  inhibition  passed  into  perfect 
tetanus  at  once  on  increasing  the  current,  and  another  set  in  which 
inhibition  passed,  not  into  tetanus,  but  into  a  series  of  twitchy  or 
confused  pulsations,  which  only  culminated  in  a  tetanus,  if  they  did  so 
at  all,  on  still  further  increasing  the  currents.  And  the  same  ques- 
tion was  here  started,  Are  the  confused  twitches  thus  appearing  as  the 
firstfhiits  of  the  motor  action  of  the  currents,  in  reality  due  to  the 
imperfect  contact  of  non-polarizable  electrodes  and  the  commencing 
exhaustion  of  nerve-fibres  t  Aie  they,  in  fact,  the  analogues  of  the 
spasms  which  affect  the  ilio-coccygeals  when  their  nerves  are  under 
minimal  tetanizing  stimuli  applied  to  the  spinal  cord  in  the  same  way  ? 
My  experiments  lead  me  to  believe  that  they  are.  They  are  never 
perfectly  r^ular,  deliberate  beats ;  they  are  always  heralded  by  a  systole 
of  several  seconds  duration — a  systole  the  more  prolonged  the  stronger 
the  currents ;  they  can  generally  be  forced  into  unbroken  tetanus  by 
increasing  the  stimulus ;  and  they  are  less  frequent  when  the  electrodes 
are  platinum  wires  whose  application  admits  of  greater  exactness,  than 
can  be  obtained  with  the  softened  clay  of  non-polarizable  electrodes. 

No  one  will  fail  to  be  struck  with  the  resemblance  between  the 
effects  of  the  interrupted  current  on  the  inhibitory  mechanism  of  the 
lymph-  and  blood-hearts.  In  botU  cases  there  are  inhibitory  fibres 
proceeding  from  an  encephalic  centre,  and  possessed  of  moderate  powers 
of  endurance*.  In  both  cases  stimulation  of  the  region  about  the 
termination  of  the  inhibitory  fibres  leads  to  enormously  prolonged 
inhibition,  which  is  occasionally  marred  by  beats  or  series  of  beatsf. 
And  in  both  cases,  by  increasing  the  current,  the  inhibitory  limit  may 
be  passed  and  effects  produced  dependent  on  the  stimulation  of  quite 

*  I  Mm  qiMkiiig  of  the  frog.  A.  B.  Meyer  (Das  Hemmungtnerven-tyttem  des  Herzem; 
•1m  CentralbiaUt  1S69,  No.  14,  p.  216)  has  shewn  that  the  dog's  vagus  is  incapable  of 
ipleie  exhansiioD. 
t  A.  B.  Mejer,  he.  eit. 
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another  order  of  mechanisms,  namely  the  motor*.  For  the  rest,  both 
the  peripheral  end  of  the  inhibitory  apparatus,  and  the  motor  apparatus, 
would  seem  to  be  absolutely  more  robust  in  the  blood-heart  than  in 
the  lymph-heartf'. 

But  a  far  more  interesting  comparison  is  that  between  the  effects  of 
interrupted  induced  currents  on  the  lymph-heart  centre  and  on  the  snail's 
ventricle.  The  snail's  heart  {Helix)  is  one  of  the  pulsating  structures 
whose  nervous  elements,  if  any  exist,  have  as  yet  eluded  the  search  of 
microscopi8ts(.  Yet  the  application  of  induced  interrupted  currents  to 
it  has  led  to  the  observation  of  undoubted  inhibitory  effects§,  which 
may  be  best  recalled  by  means  of  the  following  summary  by  the 
observers:  ''The  phenomena  thus  produced  \%,e.  that  an  interrupted 
current  applied  directly  to  the  heart  of  the  common  snail  removed 
from  the  body  will  cause  diastole]  are  altogether  similar  to  those  seen 
when  the  vertebrate  heart  is  inhibited  by  stimulation  of  the  pneumo- 
gastric  nerve." 

"This  inhibition  by  direct  stimulation  requires  a  current  weaker  than 
is  sufficient  to  cause  a  tetanus  of  the  heart.  It  may  be  witnessed  on 
either  auricle  or  ventricle,  and  is  the  more  easily  obtained  the  more 
quickly  the  heart  is  beating.  It  takes  place  whatever  be  the  position 
of  the  electrodes ;  and  we  find  that  it  is  possible  thus  to  inhibit  not  only 
the  whole  ventricle,  but  separate  parts  of  a  divided  ventricle,  provided 
these  can  be  obtained,  as  they  sometimes  can,  beating  with  a  suffi- 

*  If  the  eleotrodes  of  the  ieoondary  coil  be  placed  about  the  nmct  venoiu$  and  the  coils 
gradually  approximated,  the  inhibitory  effect  of  the  current,  most  marked  with  a  distance 
(say)  of  10  cm.  between  the  coils,  suddenly  changes  into  a  motor  effect,  causing  rapid  con- 
tractions, when  the  distance  between  the  coils  is  still  further  lessened. 

f  The  different  action  of  atropia  remains  however  as  a  striking  distinctive  character. 

t  F.  Darwin,  Journal  of  Anatomy  and  Physiology,  Vol.  z.  Partiii.  p.  606,  **  On  the 
structure  of  the  Snail's  Heart."  Mr  A.  S.  Lea,  who  at  Dr  Foster  and  Mr  Dew -Smithes 
request,  examined  the  8nail*8  heart  with  a  view  to  discover  nerves  if  possible :  referred 
to  in  a  paper  by  Foster  and  Dew-Smith,  **  On  the  behaviour  of  the  Hearts  of  Molluska 
under  the  influence  of  electric  currents.**  Proceedings  of  the  Boyal  Society,  No.  160, 1875; 
also  in  Studies  from  the  Physiological  Laboratory  in  the  University  of  Cambridge,  Part  iL 
p.  78.  Considerable  doubt  must,  however,  be  entertained  as  to  the  freedom  of  the  snail's 
heart  from  nerve-structures,  since  the  publication  of  Dogiel's  paper  entitled  <*Die 
Huskeln  n.  Nerven  des  Herzens  bei  einigen  MoUusken,**  in  the  Arch.fOr  Mikr.  Anat,  Vol. 
14,  Heft  i.  But  see  Foster  and  Dew-Smith's  notice  with  the  same  titie  in  the  same 
pubUcation  (Vol.  14,  Heft  iii.  p.  817);  and  another  paper  by  Dogiel,  called  *'Die 
(HngUen-zellen  des  Herzens  bei  verschiedenen  Thieren  nnd  beim  Mensohen,"  also  in  the 
Arch,  far  mkr.  Anat.  Vol.  14,  Heft  iv.  p.  470. 

§  Foster,  PflOger^s  Arehiv,  Vol.  v.  p.  191.  Foster  and  Dew- Smith,  Proceedings 
of  the  Royal  Society,  loc.  cit.    Studies,  loc.  oit. 
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denily  rapid  rhythm/'  And  again*,  '*  Moreover  this  inhibitory  effect 
[of  rapidly  repeated  induction  shocks],  this  prevention  of  the  contrac- 
tion or  beat^  increases  with  the  strength  of  the  current  employed,  up  to 
a  certain  limit,  and  then  the  action  of  the  stimulus  is  suddenly 
reversed  tfid  a  contraction  or  beat  is  caused  instead  of  prevented.  •  .  . 
In  our  results  we  pass  at  once  from  the  maximum  of  inhibition  to 
contraction." 

Thus  we  have  the  curious  result  that  the  same  stimulus  produces 
in  each  case  similar  effects  when  applied  (1)  to  a  pulsating  muscle 
apparently  destitute  of  nerves,  (2)  to  a  pulsating  organ  whose  nerves 
and  muscles  are  inseparably  blended,  and  (3)  to  the  remote  nervous 
centre  (or  part  of  centre  "f*)  of  a  pulsating  muscle  which,  when  taken 
separate  from  its  nerves,  behaves  like  any  other  undoubtedly  nerveless 
muscle. 

The  bearing  of  this  comparison  upon  the  question  of  muscular 
functions  as  illustrated  by  the  hearts  of  Frogs  and  Snails,  need  not 
specially  be  enforced.  It  must  indeed  be  confessed  that  analogy  in 
physiological  questions  like  the  present,  is  not  very  fruitful  of  trust- 
worthy inference,  for  we  have  only  to  look  around  us  to  find  numerous 
examples  of  one  tissue  with  many  functions.  But  besides  this,  our 
knowledge  is  even  yet  far  from  being  wide  enough.  Can  the  move- 
ments of  the  ureter  be  inhibited  by  weak  interrupted  currents,  like 
those  of  the  snail's  ventricle?  Both  the  ureter  $  and  the  snail's  heart  § 
are  said  to  exhibit  a  tetanus ;  but  is  it  more  difficult  to  be  caused  in 
them  than  in  corresponding  non-pulsating  muscular  tissues  ?  Did  we 
possess  the  answers  to  these  questions,  we  might  have  greater  assurance 
in  drawing  inferences.  It  will  be  well  therefore  to  leave  the  matter 
for  the  present,  calling  attention  to  the  undoubted  fact,  that  the  pecu- 
liar reaction  of  the  lymph-cardiac  apparatus  to  interrupted  currents,  is 
a  property  of  its  nervous  elements,  and  not  of  its  pulsating  muscle. 

ii.    On  the  Action  of  Constant  Currents. 

It  would,  perhaps,  be  wise  to  call  the  following  part  of  this  paper 
a  preliminary  communication,  since  I  have  not  as  yet  had  time  to  work 
out  carefully  the  points  started.    It  shall,  at  least,  be  preliminary  in 

*  SlmdieB,  p.  80. 

^  Of  which  the  other  part  may  be  in  the  neighbourhood  of  the  hearts  themselTes.    See 
tlM  preeediiig  paper. 

X  Engelmann,'P/»l^er*«  Archiv,  ui.  p.  247.    (See  CenXramait,  1870,  p.  471.) 
f  Foster,  loe.  ctt. 
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the  sense  of  containing  statements  of  facts,  rather  than  offers  of  expla- 
nation. 

In  examining  the  action  of  the  constant  current  on  the  lymph- 
cardiac  mechanisms^  the  following  procedure  was  adopted.  The  frog 
was  prepared,  as  if  for  experiments  with  interrupted  currents  (p.  20),  by 
decapitation,  reflection  of  the  skin  over  the  back,  removal  of  the  abdo- 
minal walls  and  viscera,  and  amputation  of  the  thighs.  The  frog  was 
pinned  down  to  a  cork  table,  capable  of  being  raised  and  depressed  by 
a  fine  screw.  The  battery  consisted  of  a  number  of  small  Daniell's 
cells  or  large  Grove's  cells;  and  the  electrodes  were  non-polarizable 
and  of  the  ordinary  type.  In  the  current  was  placed,  a  commutator, 
and  between  the  commutator  and  the  battery,  a  cup  of  mercury  to 
serve  as  a  key. 

Direct  application  to  the  beating  Lymph-hearts. 

The  electrodes  were  applied  at  the  ends  of  a  line  passing  through 
the  lymph-hearts,  just  where  the  stumps  of  the  thighs  joined  the  pelvis : 
or  they  were  applied  to  the  posterior  surface  of  the  pelvis,  one  near  the 
lower  or  anal  extremity  of  the  lymph-heart,  and  the  other  near  the 
upper  extremity,  or  a  little  above  the  upper  extremity^  of  the  same  heart 
In  the  former,  plan,  the  currents  passed  (it  is  assumed)  transversely 
across  the  hearts,  one  of  which  would  be  anodic,  while  the  other  would 
be  kathodic.  In  the  latter  plan,  the  currents  passed  longitudinally  up 
or  down  the  hearts,  while  the  subjacent  ilio-coccygeus  musclp  with  the 
dorsal  and  abdominal  branches  of  the  tenth  spinal  nerve,  would  be 
alternately  anodic  and  kathodic,  according  as  the  current  was  running. 

As  far  as  my  experiments  have  gone,  in  whichever  way  the  current 
is  flowing,  and  with  a  battery  strength  of  from  6  to  12  or  more  small 
Daniell's,  the  beating  of  the  lymph-hearts  is  hampered  or  inhibited. 
The  rhythm  of  the  beats  in  the  former  case  is  not  altered,  the  depth  or 
fulness  only  being  modified. 

Direct  application  to  Lymph-hearta  stopped  by  separation  from  their 

spinal  centres. 

Preparations  were  made  as  if  for  the  above  experiment  on  the 
beating  hearts,  but  the  spine  was  snipped  across,  between  the  6th  and 
7th  vertebrae ;  or  the  tenth,  coccygeal  nerve  was  divided  as  it  emerged 
from  its  foramen  in  the  coccyx.  Or,  the  lymph-heart  was  carefully 
excised  with  the  connective  tissue  usually  surrounding  it,  and  placed 
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upon  one  electrode  and  touched  by  the  point  of  the  other.  All 
strengths  of  battery  were  used,  from  1  or  2  small  Daniell  cells  to  18 
large  Grove's.  But  the  lymph-hearts  could  not  be  induced  to  pulsate, 
or  in  fact,  do  more  than  reply  to  the  opening  and  closing  shocks.  The 
position  of  the  electrodes,  when  applied  to  the  hearts  in  situ,  was 
varied  in  all  directions  on  the  posterior  sur£ax^  of  the  pelvis ;  but  no 
attempt  was  made  to  pass  the  current  from  the  abdominal  to  the  dorsal 
side  of  the  hearts,  or  in  the  reverse  direction.  Neither  was  any  regard 
paid  to  the  position  of  the  axes  of  the  heart,  on  account  of  its  small 
size  in  English  firogs,  when  that  organ  was  excised  and  placed  upon 
the  electrodes.  I  have  not  yet  tried  the  corresponding  experiments 
on  the  lymph-hearts  of  the  tortoise. 

• 

ApTplicaJtion  to  the  Vymph-cardiao  9pinal  centre. 

Preparation  was  made  as  before,  but  the  backs  of  the  6th  and  the 
7th  vertebrse  were  removed,  and  the  tips,  well  softened,  of  the  non- 
polarizable  electrodes  were  inserted  through  the  openings  thus  made. 

To  the  centre  acting  normally.  Either  an  exciting  effect,  or  a 
hampering  and  inhibiting  effect,  is  caused  by  a  battery-current  from  1  or 
more  Grove's  cells.  Elither  effect'may  occur  with  anode  above  or  with 
anode  below,  in  different  frogs.  In  one  frog  the  anode  at  the  upper 
window  may  stop  the  hearts,  while  in  another  the  anode  at  the  lower 
window  has  the  same  effect ;  or  the  effect  may  be  quite  indifferent  to 
reversal  of  the  electrodes.  Sometimes  with  a  certain  strength  of  battery 
the  anode  at  either  window  inhibits,  while  a  diminution  in  the  batteiy- 
powOT  may  transform  one  or  other  position  of  the  anode  into  a  frivour- 
able  rather  than  an  unfavourable  sign.  While  I  cannot  of  course  speak 
positively,  I  have  very  little  doubt  that  the  known  electrotonizing 
powers  of  the  constant  current,  with  the  known  shifting  of  the  neutral 
line  as  the  battery  is  strengthened,  together  with  the  assumption  of  a 
stimulating  action  of  the  current,  per  se,  on  the  lymph-cardiac  centre, 
will  account  for  all  the  facts.  For  example,  with  the  electrodes  placed 
as  above  described  opposite  the  6th  and  7th  vertebrae,  and  with  weak 
currents  in  which  the  neutral  line  is  near  the  anode,  it  is  conceivable 
how  reversing  the  current  should  be  unable  materially  to  alter  the 
fiftvourable  katelectrotonus  surrounding  the  lymph-cardiac  centre,  the 
neutral  line  skipping  from  one  pole  to  the  other  on  reversal,  over 
the  head,  so  to  speak,  of  the  motor-centre.  Hence  we  must  simplify 
the  conditions  by  placing  one  electrode  in  thfe  aperture  through  the 
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7th  vertebra^  and  the  other  at  the  anterior  extremity  of  the  cord,  in 
order  to  make  sure  that  the  region  of  the  lymph-heart  centre  is  dis- 
tinctly anodic  or  kathodia  By  doing  so,  we  can  get  indications  that  it 
is  not  merely  by  overshadowing  the  lymph-heart  centre  with  kat- 
electrotonus  that  the  constant  current  produces  its  exciting  effects,  but 
also  by  exerting  a  special  stimulant  power  that  may  work  in  spite  even 
of  anelectrotonus. 

To  the  centre  at  rest  from  exhaustion*  If  a  preparation 
like  that  described  in  speaking  of  the  action  of  the  constant  current 
on  the  acting  centre  be  allowed  to  remain  exposed,  the  rate  of  the 
lymphatic  hearts  quickly  declines,  and  the  hearts  finally  come  to  rest 
But  the  lymph-cardiac  centre  and  nerves  are  not  necessarily  dead; 
they  may  usually  be  wakened  into  rhythmical  activity  by  the  passage 
of  the  constant  current  up  or  down  through  the  centres.  The  pulsations 
are,  as  a  rule,  regular,  more  regular  in  fact  than  those  which  follow 
the  passage  of  the  same  current  through  acting  centres;  and  their 
appearance  or  non-appearance  seems  capable  of  the  same  degree  of 
explanation  as  in  the  case  last  discussed. 

To  the  centre  brought  to  rest  by  stimulating  the  upper 
end  of  the  exposed  cord  with  saturated  NaCl  solution.  When 
lymph-hearts  are  brought  to  rest  by  the  application  of  saturated  Na  CI 
solution  to  their  inhibitory  fibres,  currents  which  readily  set  the  same 
hearts  beating  after  their  spinal  centres  have  become  exhausted,  utterly 
fsdl  to  move  them.  I  am  not  certain  that  very  stong  currents  (I  used 
5-6  Grove's  cells)  cannot  do  so ;  but  in  the  case  of  such  strong  currents, 
the  anode  must  be  above  the  lymph-cardiac  centre  for  obvious  reasons. 
In  this  position  the  anodic  region  would  intercept  and  dissipate  the 
inhibitory  stimuli  proceeding  from  above,  and  such  an  effect  would  of 
itself  lead  to  renewed  pulsation  of  the  hearts. 


CONCERNING  THE  EFFECTS  ON  THE  HEART  OF 
ALTERNATE  STIMULATION  OF  THE  VAGI.  By 
ARTHUR  GAMGEE,  M.D.,  r.R.S.,  Braekenhury  Fro/easor  of 
Phynolcgy  in  Owens  CoUege,  and  JOHN  PRIESTLEY,  AmatarU 
Ledurer  in  Physiology  in  Owens  College,    (PL  I.) 

(From  the  Fhysidogical  Laboratory  of  Owens  College,) 

Introduction. 

Ih  the  summer  of  1875  M.  de  Tarchanoff  explained  to  one  of  us  in 
person  the  results  of  an  interesting  experiment,  which  was  subsequently 
published  in  the  Archives  de  Physiohgie  (S^rie  ii.  Tome  n.  1875)  as 
a  ^  Note  sur  I'effet  de  I'excitation  alternative  des  deux  pneumogastriques 
siir  TarrSt  du  coeur."  Par  Jean  Tarchanoff  et  G.  Puelma.  In  this 
Note  the  methods  of  experiment  and  the  results  are  thus  set  forth : 

"  Nous  mettions  it  nu  les  deux  pneumogastriques,  et  nous  prenions 
leurs  bouts  p^riph^riques  k  Taide  de  ligatures.  Pour  observer  les 
battements  du  cceur^  nous  introduisions  par  un  trou,  fait  entre  la  cin- 
qui^me  et  la  sixifeme  cdte,  un  doigt  dans  la  cavity  du  thorax,  de 
mani^re  it  sentir  directement  les  mouvements  du  coeur. 

*'  Cette  mdthode  d'observation  est  pr^f^rable  k  celle  faite  avec  un 
manom^tre,  puisque  cette  demifere  est  sujette  k  erreur  k  cause  de  la 
coagulation  du  sang  dans  les  canules. 

''Si  Ton  excite  longtemps  un  des  pneumogastriques  du  chien  avec 
des  courants  forts  jusqu'^  ^puiser  complfetement  son  action  sur  le  coeur, 
ce  qui  se  manifesto  par  le  retour  de  ses  battements,  et  si  Ton  passe 
imm^diatement  k  Texcitation  de  Tautre  on  n'obtient  plus  d'arr^t 
da  coeur,  et  mSme  en  n'observe  aucune  alteration  de  son  activity :  et 
pourtant  le  nerf  excite  en  dernier  lieu  n'est  alors,  on  le  con9oit, 
nollement  ^puisd 

**  Le  fait  inverse  se  produit  si  Ton  excite  ce  dernier  nerf  pneumo- 
gastrique  (non  ^puis^  une  k  deux  minutes  apr^  la  cessation  de  Tex- 
citation  du  premier.    On  observe  imm^iatement  TarrSt  du  coeur. 

**  Cette  experience  indique  nettement  que  chacun  des  pneumogas- 
triques met  en  jeu  tout  I'appareil  mod^rateur  situd  dans  les  parois 
du  coeur;  et  qu'une  fois  cet  appareil  ^puis^  par  Texcitation  d'un 
pneamogastrique,  il  ne  peut  dtre  mis  en  activity  par  I'excitation  de 
I'aatre." 
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In  October^  1876>  one  of  us  made  an  experiment  on  a  rabbit  to  test 
the  above-described  result.  The  vagi  were  eicposed  and  divided  under 
chloroform.  Their  peripheral  ends  were  seized  with  ligatures.  Stimu- 
lation was  effected  by  an  interrupted  induced  current  from  a  Du  Bois- 
Beymond's  induction  coil,  the  primary  coil  having  a  bichromate  battery 
of  one  cell  in  connection  with  it.  In  the  secondary  coil  a  commutator 
was  interposed  for  the  purpose  of  rapidly  shunting  the  current  from 
one  vagus  into  the  other.  Means  were  taken  to  record  the  heart-beats 
and  blood-pressure  from  the  femoral  artery.  Under  the  conditions  of 
this  experiment  results  were  obtained  which  seemed  to  compel  an 
important  limitation  in  the  statement  of  Tarchanoff  and  Puelma's 
facts,  and  a  total  rejection  of  their  mode  of  explanation.  It  was  found 
that  continued  stimulation  of  one  vagus  never  annulled,  or  even  pre- 
judiced, the  inhibiting  powers  of  the  other,  unless  the  inhibiting 
apparatus  had  been  recently  kept  under  stimulation  for 
some  time.  We  may  at  once  say  that  numerous  experiments  made 
at  a  later  date,  on  dogs  and  rabbits,  fuUy  established  this  result. 

Circumstances  prevented  our  following  up  the  research  at  that 
time;  but  during  the  past  year  the  wished-for  opportunity  occurred, 
and  we  began  together  to  extend  the  experiments  to  frogs,  as  well  as  to 
rabbits  and  dogs.  While  doing  so  we  received  Marey 's  Physiologie  Ex- 
pAimentcde  (n  Ann^e,  1876),  containing  an  account  of  experiments  by 
M.  de  Tarchanoff,  entitled  ''Innervation  de  I'appareil  mod^rateur  du 
coeur  chez  la  Qrenouille"(p.  289).  In  this  paper,  besides  other  experiments 
and  conclusions  which  do  not  concern  us  now,  de  Tarchanoff  states 
that  the  behaviour  of  the  frog^s  heart  to  vagus-stimulation  is  quite 
different,  in  respect  of  the  mutual  influence  of  the  two  nerves,  from  the 
behaviour  of  the  heart  of  dogs  and  rabbits  :  '' J'ai  vu  alors  que  si  Ton 
attend  pour  exciter  le  second  pneumogastrique  que  le  premier  ait  ^t^ 
^puisd  par  Texcitation,  Tarrdt  du  coeur  s'obtient  de  la  fafon  la  plus 
nette ;"  and  he  concludes :  '*  Que  chez  les  mammif^res  (dog,  rabbits)  les 
deux  nerfs  aboutissent  k  un  appareil  moddrateur  commun,  tandis  que, 
chez  la  grenouille  (Rana  esculenta)  chaque  nerf  aboutit  k  un  appareil 
inddpendant." 

We  found  that,  in  the  frog  (B.  temporaria),  just  as  in  the  mammal, 
stimulation  of  one  vagus  never  annuls,  or  ever  prejudices,  the  inhibiting 
powers  of  the  other,  unless  the  inhibiting  apparatus  have  been 
recently  kept  under  stimulaton  for  some  time;  but  we  by  no 
means  feel  ourselves  driven  to  the  same  conclusion  as  de  Tarchanoff. 
We  may,  in  brief,  define  our  opposition  to  the  latter  as  a  limitation  of 
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his  fiicts  as  r^ards  both  mammals  and  batrachians,  and  a  rejection  of 
his  theory  of  explanation. 

With  regard  to  the  principal  fact  announced  by  de  Tarchanoff,  viz. 
that  it  is  impossible  to  maintain  continuous  cardiac  diastole  in  mammals 
by  alternate  excitation  of  the  vagi,  it  had  been  clearly  stated  by  A.  B. 
Meyer  in  1869,  in  the  memoir  to  which  we  shall  make  more  lengthened 
reference  at  a  subsequent  part  of  this  paper. 

We  shall  now  proceed  to  state  the  results  of  our  own  experiments. 


Notes  of  Experiments. 

On  Dogs. 

I.  Small  Dog.  Rendered  insensible  by  morphia-injection 
and  inhalation  of  chloroform.  Both  vagi  exposed  in  the  neck. 
Cannula  in  right  femoral  for  kymographic  tracing. 

Parti. 


Time 

in 

seeonds. 


5 
17 
25 
70 
76 
85 
100 
110 

230 

248 


Poise 

in 
10  sec 


14 
14—15 


34 
33 


0 
0 

7 

11 

11 

4 

5 

40 

26 

26 


Blood- 
pressure  in 
m.  m.  Hg. 


160 
174 


144 
144 


46 

28 

80 

100 

106 

60 

66 

160 

148 

154 


Bemarks. 


Normals  before  dividing  vagi 

Interval  of  about  5  min.,  during  which  the 
vagi  were  divided  with -scissors. 

Normals  several  minutes  after  division  of  vagi. 

Stimulated  right  vagus.  Interrupted  induced 
current.  1  Daniell.  Secondary  coil  2  cm. 
from  primary.  Platinum  electrodes  under 
each  vagus.  Commutator  in  secondary 
circuit  for  passing  rapidly  from  one  vagus 
to  the  other. 


Shunted  current  into  left  vagus. 

Ceased  stimulating. 

Pulse  at  once  rose,  as  did  also  the  blood-pres- 
sure ;  both  were  irregular. 

Pulse  and  blood-pressure  subsided  into  steady 
curves. 

Stimulated  left  vagus.  Electrical  conditions 
as  before. 
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Time 

Pulse 

Blood- 

in 

in 

pressure  in 

Bemarks. 

•eoonds. 

10  sec 

m.  m.  Hg. 

258 

0 

40 

290 

5-5 

70 

355 

9 

100 

Shunted  current  into  right  vagus. 

360 

5 

80 

380 

5-5 

70 

423 

9 

100 

Shunted  current  into  left  yagua. 

433 

4 

80 

445 

82 

Ceased  stimulating. 

460 

16-5 

470 

120 

A  clot  here  formed  in  the  cannula  connected  with  the  femoral 
artery,  causing  a  delay  of  about  12  minutes.  After  removing  the  clot 
the  experiment  was  continued. 


Part  11. 


Time 

Pulse 

Blood. 

in 

in 

pressure  in 

Bemarks. 

seconds. 

10  see. 

m.  m.  Hg. 

36 

130 

Normals  after  removal  of  dot. 

36 

146 
132 

0 

36 

136 

Stimulated  right  vagus;  electrical  conditions 
as  before. 

10 

0 

34 

63 

0 

24 

Heart  remained  stopped  an  abnormally  long 
time;  on  gently  squeezing  the  chest  of  the 
dog  Uie  heart  recommenced. 

73 

9 

94 

93 

10 

100 

Shunted  current  into  left  vairas. 

103 

4 

60 

133 

5 

66 

Shunted  current  into  right  vagus;  no  change 
whatever  followed. 

143 

5 

66 

Ceased  stimulating. 

150 

30 

140 

230 

29 

136 

An  interval  of  50  seconds  elapsed ;  when  the  experiment  was  con- 
tinued. 
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Time 

PnlBe 

Blood- 

in 

in 

pressure  in 

Remarks. 

seeonds. 

10  860. 

m.  m.  Hg. 

140 

) 

30 

134 

>  Normals  after  50  sea  interval. 

30 

140 

f 

0 

30 

140 

Stimulated  left  vagus.  Electrical  conditions 
as  before. 

5 

0 

50 

15 

1 

34 

40 

4-5 

60 

200 

8-5 

84 

300 

100 

Shunted  current  into  right  vagus ;  a  dot  had 
been  forming  just  before  which  obscured  the 
heart-beats :  a  distinct  faX[  of  pressure  fol- 
lowed the  shunting  of  the  current  into  the 

307 

84 

right  nervCy  but  the  heart-beats  could  not  be 
seen. 

340 

Ceased  stimulating :  clot  formed. 

An  interval  of  13  minutes  elapsed,  during  whidi  a  clot  was  removed. 
The  experiment  then  continued. 

Part  IV. 


Time 

Pnlie 

Blood- 

^ 

in 

in 

preMoreiD 

Bemarks. 

■eeonds. 

10  MO. 

m.in.  Eg. 

35 

120 

Normals  after  removal  of  clot. 

0 

36 

120 

Stimulated  left  vagus :  electrical  conditions  aa 
before. 

4 

0 

46 

21 

1 

26 

110 

6-5 

64 

1^3 

6-5 

60 

Shunted  current  into  right  vagus.  No  change 
whatever  occurred. 

The  records  of  the  first  and  second  parts  of  the  foregoing  experiment 
contained  in  the  subjoined  diagrams,  Plate  I.  Figs.  1  and  2,  which 
shew  at  a  glance  the  extent  and  effects  of  the  several  vagus-stimula- 
tiona.  The  abscissse  denote  time  in  seconds.  The  ordinates  denote 
▼ariaiions  in  rate  of  pulse  in  10  seconds.    The  brackets  at  the  foot 
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denote  the  time  during  which  each  vagus  was  being  stimulated :  the 
letters  (R  L.)  indicating  the  right  and  left  vagus  respectively.  Further 
explanation^  if  needed,  must  be  sought  in  the  notes  of  experiment  just 
set  forth. 

Note,  It  will  be  observed  that,  in  this  experiment,  we  were  satisfied 
with  the  same  signs  of  exhausted  inhibitory  power  as  satisfied  de 
Tarchanoff ;  that  is  to  say^  we  stimulated  one  vagus  ''jusqu'^  ^puiser 
complfetement  son  action  sur  le  cceur,  ce  qui  se  manifesto  par  le  retour 
de  les  battements ''  {vide  supra).  But,  although  this  experiment  may 
well  serve  to  cast  doubt  upon  de  Tarchanoffs  statement^  we  are  quite 
prepared  for  the  obvious  criticism,  that  the  intermediate  apparatus  was 
not  completely  exhausted ;  that,  in  short,  had  we  waited  for  complete 
exhaustion  before  shunting  into  the  second  nerve,  we  might  have  wit- 
nessed a  failure  of  the  vagus  to  inhibit.  In  subsequent  experiments 
we  were  careful  to  meet  this  objection  by  allowing  the  heart's  rate  to 
reach  the  normal  before  shunting  the  current,  or,  at  least,  to  approach 
the  normal  more  closely  than  in  the  experiment  just  concluded.  In 
rabbits  the  return  to  the  normal  was  speedily  effected;  in  dogs  too 
slowly  ever  to  allow  of  our  quite  reaching  it ' 

11.  Small  Dog.  Rendered  insensible  by  morphia-injec- 
tion and  ether-inhalation.  Both  vagi  exposed  in  the  neck. 
Cannula  in  left  femoral  for  kymographic  tracing. 


PartL 

Time 

Poise 

Blood- 

in 

in 

pressure  ia 

Bemarkfl. 

■eeontto. 

lOiee. 

num.  Hg. 

84 

146 

Normals.                                               « 

0 

35 

152 

Both  nerves  on  eleotrodes  ready  for  stimu- 
lating. 

Stimulated  left  vagus.  Interrupted  induced 
current  from  Du  Bois's  machine  worked 
with  1  DanielL  Secondary  coil  6  am.  firom 
primary.  Commutator  in  secondary  circuit 
for  shunting  current  from  one  to  the  other 
VBgua 

4 

0 

90 

7 

6-6 

70 

17 

16 

116 

Ceased  stimulating.  Blood-pressure  rose  to 
great  height  and  heart  rapidly  became 
normal 

20 

28 

128 

ALTERNATE  STIMULATION  OF  THE   7AQI. 


45 


in 
aeecnda. 

PbIm 
in 

10  MS. 

Blood- 
pieasaTe  in 

27 

40 

70 

75 

95 

98 

110 

120 

130 

150 

30 
0 
0 
9 

13 

13 
0 
2 

16 

17 

178 

20 

10 

92 

128 

130 

30 

12 

128 

148 

Shunted  currant  into  right  vagus. 
Heart  began  agun  to  beat. 

Shunted  current  into  left  vagus. 

Ceased  stimulating,  as  a  clot  was  forming  in 
the  arterial  cannula. 

An  interval  of  10  (?)  minutes  elapsed,  during  which  the  clot  was 
removed* 

Partn. 


Time 

False 

Blood- 

in 

in 

pressure  in 

Bemarks. 

■eeoodiL 

10  see. 

m.  m.  Hg. 

Electrical   conditions  as  before 

:  more  ether 

administered. 

0 

36 

158 

Stimulated  right  vagus. 

7 

0 

28 

20 

8 

94 

Pulse  remarkably  laige. 

55 

15 

134 

Pulse  becoming  smaller. 

66 

16 

136 

Shunted  current  into  left  vagus. 

69 

0 

52 

Heart  began  again. 

79 

10 

80 

85 

13 

112 

120 

17 

142 

180 

19 

150 

ShuDted  into  right  vagus. 

185 

0 

46 

202 

0 

20 

305 

12 
(i.«.8beias 
nneelast 
observa- 
tion) 

86 

Shunted  into  left  vagua     (No 
lowed.) 

inhibition  fol- 

212 

14 

158 

220 

24 

146 

Ceased  stimulating. 

250 

22 

148 

An  interval  of  about  10  minutes  occurred,  during  which  a  clot 
formed  and  was  removed. 
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Partm. 


Time 

Poise 

Blood 

in 

in 

pressure  in 

Bemarks. 

seconds. 

10  see. 

m.  m.  Hg. 

.     144 

32 

156 

Normals  after  removing  clot.     Electricftl  con- 

ditions as  before. 

0 

32 

142 

Stimulated  left  vagus. 

4 

0 

40 

8 

10 

(t.«.  4  beats 

since  last 

obserra^ 

tion) 

106 

Shunted  current  into  right  vagus. 

• 

12 

0 

34 

Heart  began  to  beat  again. 

18 

5 
(<.e.8beat8 
since  last 
observa- 
tion) 
6-5 

28 

80 

Shunted  current  into  left  vagus. 

31 

0 

44 

38 

8 

(i.«.  6-6 

beats  since 

last  obser- 

vntion) 

72 

10 

100 

Shunted  current  into  right  vagus. 

80 

0 

18 

.. 

90 

0 

12 

96 

5 

74 

Shunted  current  into  left  vagus, 
tion  followed.) 

(No  inhibi- 

122 

10 

126 

Shunted  current  into  right  vagus. 

130 

7 

80 

Pulse  large. 

161 

19 

154 

Pulse    smaller.     Shunted    current    into    lefl 

vagus. 

164 

0 

60 

171 

8.5 
(t.«.  6beats 
since  last 
observa- 
tion) 

190 

17 

160 

Shunted  current  into  right  vagus. 

196 

0 

34 

216 

0 

12 

Heart  began  again. 

■ 

223 

7 

100 

Shunted  current  into  left  vagus, 
tion  followed.) 

(No  inhibi- 

241 

17 

152 

Ceased  stimulating. 

250 

20 

170 

300 

21 

166 
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The  records  of  this  experiment  are  tabulated,  Plate  L  Figs.  3,  4  and 
5,  in  the  manner  of  the  last  diagram.  In  addition,  however,  we  subjoin 
an  actual  kymographic  tracing  (woodcut.  Fig.  1),  taken  at  a  peculiarly 
illustrative  stage  of  the  experiment;  it  corresponds  in  point  of  time  to 
Fig.  3,  Exp.  II.  pt.  i. ;  in  the  latter,  however,  the  effect  of  vagus-stimu- 
lation  on  the  heart-beats  and  not  on  the  blood-pressure  being  tabulated. 


On  RahbitB. 

m.    Rabbit    Both  vagi  exposed  in  neck  under  chloroform. 
Kymograph  at  femoral  artery. 


Time 

in 

Beeonds. 


5 

20 
40 
50 
70 
82 
87 
90 
105 
120 

130 


185 
195 
200 
215 
250 


Pulse 

in 
10 


34 


8 

5 

11 

44 

43 

44 

0 

2 

10 
20 

47 


48 
54 
48 
46 
44 


Blood- 

pressure  in 

m.ni.  Hg. 


134 


70 

76 

120 

160 

154 

164 

66 

42 

90 

130 

154 


170 
162 

170 
168 


Bemarkfl. 


Normals. 

Stimulated  right  vagus  with  interrupted  in- 
duced current. 

Distance  between  coils  not  noticed :  bichro- 
mate battery. 


Shunted  current  into  left  vagus. 


Pulse  made  up  of  alternate  long  and  short 
beats. 

Pulse  suddenly  became  normal,  t.  b,  the  alter- 
nate long  beats  disappeared  and  gave  place 
to  quite  regular  beats. 

bunted  current  into  right  vagus.     (No  inhi- 
bition followed.) 
Ceased  stimulating. 


A  four-minutes  interval  occurred  here,  during  which  the  heart 
spontaneously  became  irregular  in  its  beating.  (Was  this  due  to  some 
unseen  stimulation  of  vagus  trunks  ?)  The  subsequent  record  is  there- 
fore set  aside  as  untrustworthy.  A, diagram  of  these  results  is  shewn 
in  PL  L  Fig.  6. 
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lY.     Large    Rabbit.     Both  vagi  exposed  in    neck    under 
ether.    Kymograph  attached  to  right  carotid  artery. 


Part! 


Time 

in 

seconds. 


5 

U 
29 
52 
57 

62 

80 
105 
119 
135 
140 
170 
218 
221 
229 
231 
240 
243 
247 
250 
300 


Pulse 

in 
10 


Blood- 

presdure  in 

mm.  Hg. 


47 

49 
44 


0 

8-6 

35 

0 

(normal  for 
a  lew  beats) 

0 

7 
18 
39 

4 
15 
19 
36 
34 
14 
14 
16 
30 
32 
37 


106 
104 
102 


30 
140 
110 

46 

140 

32 

80 
148 
128 

60 
100 
106 
120 
112 

88 

100 
110 
100 
130 


Bemarks. 


Normals. 

Inhibitory  powers  of  both  nerves  tested. 

Stimulated  lefb  vagus.  Interrupted  induced 
current  from  Du  Bois'  machiDe.  1  Daniell 
celL  Commutator  in  secondary  circuit  to 
shunt  from  right  to  left  vagus.  Secondary 
coU  5  cm.  from  primaiy. 

Rabbit  began  to  struggle. 

Shunted  current  into  right  vagus. 

No  struggle  occurred  *• 
Struggling  begins. 

No  struggling. 

Shunted  current  into  left  vagus. 

Shunted  into  right  vagus. 
Shunted  into  left  vagus. 

Shunted  into  right  vagus. 
Ceased  stimulatbg. 


Interval  of  four  minutes  elapsed,  during  which  a  clot  formed  in  the 
arterial  cannula  and  was  removed* 


^  Was  this  sodden  return  to  the  normal  due  to  temporary  want  of  contact  of  elec- 
trodes? 


FH.    I. 
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Part  n. 


Time 

in 

seconds. 

Pulse 

in 
10  see. 

Blood- 
pressure  in 
mm.  Hg. 

Bemarks. 

0 

•45 

96 

Stimulated  left  vagus.     Secondary  coil  4  cm. 

5 

4 

60 

from  primary. 

40 

12-5 

80 

77 

18 

90 

97 
118 

'n 

92 
30 

Shunted  into  right  vagus. 
Struggles,  during  which  the  nerves  slipped  off 
tbe  electrodes.     The  pulse  and  blood  pres- 

sure at  once  rose  to  a  great  height. 

For  diagram  of  Pt.  I.  of  this  experiment,  see  PI.  I.  Fig.  7. 

On  Froga  {Sana  temporaria), 
{We  tdeci  this  experiment  from  Uts  LahonUory  Note-Book  as  a  type.) 

V.  Destroyed  brain  in  front  of  atlanto-occi-pital  articula- 
tion; thrust  stout  glass  rod  down  gullet;  exposed  both  vagi, 
and  placed  each  on  a  pair  of  platinum  electrodes;  prepared 
to  stimulate  them  alternately  with  interrupted  induced 
current  from  a  Du  Bois'  machine,  worked  with  1  Daniell's 
cell,  the  current-equalizer  not  being  used.  Heart-beats 
counted  by  means  of  a  watch. 

N.B.  The  frog's  mudcles,  cord  and  nerves  were  very  irritable,  slight 
accidental  stimuli  producing  marked  reflex  muscular  contractions. 


Time. 

Pulse  in 
80  see. 

Bemarks. 

m.  8. 
0  0 

21 
22 
22 

>  Normals  3  min.  before  beginning  the  experiment. 

Stimulated  right  vagus.     Secondary  coil  6*5  cm.  from 
primary. 

*  The  pulse  was  obscured  at  this  point,  probably  by  an  incipient  clot :  there  is  no 
doubt  however  as  to  the  rate  since  tbe  blood-pressure  showed  no  flactaation,  and  tbe 
incipient  dot,  if  any  were  there^  did  not  plug  the  cannula  perieotiy,  as  the  subsequent  fall 
of  pressure  testifies. 
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Time. 

Pulse  in 
30  sec. 

m.  8. 

0  30 

2 

1  30 

6 

2  30 

14—15 

3  0 

18 

3  15 

0 

3  30 

10 

5  0 

19 

14  0 

16 

14  30 

14  55 

15  0 

1 

16  0 

5-5 

17  0 

0 

18  0 

0 

19  0 

0 

20  0 

0 

20  45 

2 

22 

4 

25 

5 

25  45 

5 

27  0 

0 

28  0 

0 

29  0 

4—5 

30  30 

.  31  30 

5 

41  30 

9 

42  0 

0 

43  0 

0 

43  15 

0 

44  0 

7 

45  0 

8    9 

46  0 

10 

46  30 

12 

47  0 

48  0 

0 

48  30 

0 

49  15 

4—5 

50  30 

4—5 

51  0 

10—11 

51  30 

52  30 

0 

Bemarks. 


Shifted  secondary  coil  to  5*5  cm. 

Shunted  current  into  left  vagus. 

Very  powerful  beats. 
Stopped  stimulating. 


Stimulated  left  vagus. 
Auricles  twitched. 

A  series  of  1 1  beats  occurred :    after  which  the  heart 
again  btopped. 


Touched  the  heart  3  or  4  times  with  point  of  lead- pencil : 

each  touch  led  to  a  weak  contraction  of  whole  heart. 
Feeble  beats.    . 


Shifted  coil  to  2  (or  3)  cm. :  no  change  observed  in  rate 

of  beats.     Betumed  coil  to  5*5  cm. 
Heart  beat  5  times  very  quickly  and  then  spontaneously 

stopped. 
Heart  gave  one  feeble  beat. 

Shifted  coil  to  3  cm. 

No  change  of  heart-rhythm.  v,    . 

Shifted  coil  to  0  cm. 
Heart  stopped. 
First  returning  beat. 


Shunted  current  into  right  vagus.    Heart  stopped. 

First  returning  beat 
Rhythm  irregular. 


Shunted  current  into  left  vagus. 


4—^ 
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Time. 

Poise  in 
80  sec. 

Bemarka. 

m.  B. 

52  40 

0 

First  returning  beat. 

53  30 

3—4 

54  0 

Shunted  current  into  right  vagus. 
No  inhibition  occurred. 

54  30 

10 

57  0 

12 

57  30 

Shunted  current  into  left  vagus. 

60  20 

0 

First  returning  beat. 

61  0 

9 

61  30 

Shunted  current  into  right  vagus. 

61  45 

0 

61  55 

0 

First  returning  beat. 

63  30 

16 

64  0 

Shunted  current  into  left  vagus.    Two  beats  followed : 
then  heart  stopped. 

65  0 

0 

• 

66  0 

0 

66  30 

0 

First  retaming  beat. 

68  30 

13—14 

69  30 

Shunted  current  into  right  vagus. 

70  0 

0 

First  returning  beat. 

71  0 

10 

71  45 

10 

. 

72  0 

Shunted  current  into  left  vagus. 

73  0 

0 

74  15 

0 

First  returning  beat. 

76  0 

14—15 

• 

76  15 

Shunted  current  into  right  vagus. 

77  15 

0 

77  40 

0 

First  returning  beat 

79  0 

Heart  did  not  go  on  beating. 

Ceased  stimulating. 

Heart  did  not  at  once  go  on. 

80  0 

Began  to  beat — sluggishly. 
Continues  beating,  but  sluggishly. 

To  emphasize  the  identity  of  effect  in  the  frog  and  in  the  mammal 
we  have  constructed  a  Diagram,  Plate  I.  Fig.  8,  of  the  above  experi- 
ment, made  on  the  principles  of  the  previous  Tables. 

The  abscisssB  here  denote  time  in  minutes ;  and  the  ordinates,  the 
rate  of  pulse  in  30  seconds. 

Besides  working  in  the  direct,  simple,  method  of  the  last  experi- 
ment, we  made  many  other  experiments  on  Frogs,  in  which  we  regis- 
tered with  accuracy  the  heart's  rate,  the  lapse  of  time  and  the  momenta 
of  stimulation  and  shunting.    The  heart's  rate  was  indicated  by  means 
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of  Marey's  very  handy  myographe  du  C(m$r*,  the  time  by  an  electro- 
magnet and  Ludwig's  Uhterbrechungstihr,  and  the  moments  of  stimula- 
tion by  a  marking  key,  each  holding  a  pointed  lever  against  a  smoked 
revolving  cylinder. 

As  the  gain  in  rapidity  of  working  led  to  slight,  but  suggestive, 
differences  in  the  experimental  results,  it  will  be  useful  to  give  here  a 
type  of  this  series  of  experiments. 

VI.  Frog  (Rana  temporaria).  Brain  destroyed  in  front  of 
atlanto-occipital  articulation;  vagi  exposed  and  slipped  over 
platinum  electrodes;  heart  exposed  and  placed  between  the 
pans  of  the  myographe  du  comr.  Arrangements  made  to  stimu- 
late the  nerves,  by  means  of  Du  Bois'  induction  machine, 
with  an  interrupted  current:  a  battery  of  1  DanielFs  cell  used. 


Hme  in 
seeonds. 


30 

45 

95 

140 

225 
235 
250 
260 
270 
295 
360 
375 


410 
415 
455 


470 
495 


Poise  in 

5  860. 


3 
3 


2 

2-5 


2-25 

2-5 

2-5 

2-5 

2-5 

2-5 


Bemarkfl. 


2-5 
2-5 


2-5 

2-5 


Normals 

Stimulated  right  vagus.      Secondary  coil   10  cm.  from 

primary.      Heart  stopped  after  giving  three  slight 

"beats. 
Beats  reappear,  but  are  very  slight,  and  about  3  in 

5  seconds. 
Beats  again  disappear. 
Beats  reappear,  but  are  veiy  slight. 
Beats  of  full  vigour.     Shunted  current  into  left  vagus ; 

heart  stopped. 
Slight  beat  noticed. 
Beats  rapidly  beotiming  stronger. 
Beats  of  normal  vigour. 
Shunted  current  into  right  vagus. 
Beats  weaker  than  before. 
Beats  very  slight. 
Beats  very  slight 
Beats  stronger,  but  not  so  strong  as  normal.     Shunted 

current  into  left  vagua 
Heart  stopped. 

Heart  begins  to  beat  very  faintly. 
Beats  veiy  finint. 
Beats  of  normal  vigour.     Shunted  current  into  right 

vagup. 
No  stoppage :  heart  beats  become  slight 
Beats  veiy  slight 
Vigour  of  beats  almost  normal. 
Ceased  stimulating. 


See  Marey^B  Pkyriologie  Expirimentale :  ii.  Ann6e  1876,  p.  70. 
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The  important  portions  of  the  record  are  shewn  in  Fig.  2  on  the 
opposite  page.  The  experiment  reads  from  right  to  left,  and  from 
above  downwards.  Portions  of  the  tracing  have  been  omitted  to  save 
space.  Thus  between  (I)  and  (II)  45  seconds  of  tracing  are  wanting ; 
between  (II)  and  (III)  70  seconds  of  tracing ;  and  between  (III)  and 
(IV)  85  seconds  of  tracing.  But  in  all  cases  the  nature  of  the  omitted 
part  may  be  learnt  by  studying  the  neighbouring  portions  that  are 
retained. 

On  comparing  this  experiment  with  the  previous  experiment  on  a 
frog,  we  may  observe  that  while  in  the  latter  there  was  only  one  case 
of  failure  to  inhibit  in  the  part  of  a  vagus  in  the  course  of  a  very 
long  experiment,  there  are  here  two  well-marked  instances,  viz.  at  the 
260th  sec.  and  at  the  455th  sec.  This  fact  no  doubt  has  reference  to 
the  longer  time  allotted  to  each  stimulation  (and,  in  consequence,  to 
recovery  of  the  resting  nerve)  in  the  former  experiment  than  in  the 
present. 

Conclusion. 

A  review  of  the  preceding  figures  and  diagrams  will  at  once  justify 
our  formulation  of  the  results  of  our  experiments.  In  all  the  animals 
hitherto  examined  (viz.  dogs,  rabbits  and  frogs)  stimulation  of  the 
vagus  never  annuls,  or  even  prejudices,  the  inhibitory  powers  of  the 
other  vagus  unless  when  the  inhibiting  apparatus  has  been 
recently  under  stimulation  for  some  time.  It  would  therefore 
seem  that  de  Tarchanoff,  in  asserting  the  mutual  prejudicial  action 
of  vagus-stimulations  in  mammals  and  denying  it  in  frogs,  has  missed 
one  half  of  the  truth  in  the  case  of  the  former,  and  the  other  half  in 
the  case  of  the  latter. 

The  instances  calling  for  the  reservation  made  in  our  general  state- 
ment will  be  discussed  after  we  have  offered  our  explanation  of  the 
phenomena.  It  will  be  enough  now  to  point  out  where  they  occur 
in  the  tabulated  experiments.  They  are  to  be  found  in :  Exp.  I.  pt.  ii. 
133rd  sec;  Exp.  II.  pt.  ii.  205th  sec;  Exp.  II.  pt  iii.  96th  sec ;  ibidem, 
223rd  sec;  Exp.  III.  195th  sec;  Exp.  IV.  pt.  i.  218th  sec;  ibidem, 
243rd  sec;  Exp.  V.  54th  sec;  Exp.  VI.  260th  sec;  ibidem,  455th  sec. 

It  seems  to  us  that  the  generally  accepted  theory  of  the  connection 
of  the  vagus  nerves  with  a  common  intermediate  apparatus  is  fully 
competent  to  cover  the  facts  established  by  de  Tarchanoff  and  our- 
selves. Each  vagus  abuts  against  a  common  nervous  apparatus,  through 
which  every  inhibitory  stimulus  must  pass  to  reach  the  cardiac  muscle. 
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Fig.  2  (Exp.  VI). 
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We  have  merely  to  suppose — and  the  supposition  we  shall  presently 
see  is  not  gratuitous — that  the  exhaustibility  of  the  vagi  is  far  greater 
than  that  of  the  common  mechanism  to  which  they  lead  in  order  to  gain 
a  consistent  view  of  the  facts.  When  one  vagus  is  stimulated  with  a 
strong  current  the  heart,  after  a  longer  or  shorter  period  of  diastolic 
rest,  gradually  escapes  from  the  inhibitory  influence  of  the  stimulus. 
This  escape  must  not  be  supposed  to  be  due  to  the  gradual  exhaustion 
of  the  whole  inhibiting  apparatus,  but  merely  to  that  of  the  vagus 
which  is  being  stimulated.  The  heart  escapes,  not  because  its  guard  is 
enfeebled,  but  because  the  warrant  for  detention  miscarries.  On  shunt* 
ing  the  current  into  the  other  vagus  the  intermediate  apparatus  is  at 
once  roused  and  the  heart  stopped.  So  much  jgreater  is  the  ''  staying 
power/'  so  to  speak,  of  the  intermediate  apparatus,  that,  even  in  the 
mammal,  where  we  may  fairly  assume  it  to  be  more  readily  exhausted 
than  in  the  frog,  the  intermediate  apparatus  seems  capable  of  tiring 
out  relay 'after  relay  of  reinvigorated  vagi.  Nay,  we  may  at  once  state 
our  belief  that  it  is  next  to  impossible,  by  the  most  careful  and  judicious 
alternate  stimulation  of  the  vagi,  to  cause  exhaustion  of  the  inter- 
mediate  apparatus;  for,  after  stimulating  the  vagi  alternately  a  few 
times,  the  interval  during  which  each  vagus  can  hold  the  heart  in  check 
becomes  too  brief  for  the  recovery  of  the  resting  vagus.  This  we  have 
repeatedly  demonstrated  on  the  frog;  we  have  checked  the  heart 
through  one  vagus,  and  on  the  first  sign  of  exhaustion  in  the  shape  of 
a  beat,  we  have  shunted  the  current  into  the  other  vagus;  again,  when 
the  latter  had  become  exhausted  we  have  shunted  back  into  the  first 
vagus.  In  the  early  parts  of  the  experiment  the  intervals  during  which 
the  second  vagus  held  the  heart  in  check  was  long  enough  for  the  first 
vagus  to  recover  its  controlling  power;  but  after  a  few  trials  the 
intervals  became  shorter  and  shorter  until  the  experiment  was  reduced 
to  a  series  of  rapid  shuntings  from  one  vagus  to  the  other.  Then  the 
heai't  bade  defiance  entirely  to  the  current,  and  beat  normally.  And 
we  have  thereupon  shown  that  this  normal  beating  was  not  due  to 
exhaustion  of  the  intermediate  apparatus,  by  applying  a  current  to  the 
sinxis  veno8U8,  when  the  heart  invariably  stopped  dead,  even  if  the 
current  so  applied  were  slighter  than  that  passing  through  the  vagus 
nerves.  But,  although  we  believe  that  the  intermediate  apparatus  can, 
in  health,  easily  wear  out  the  organized  attacks  of  the  vagi,  particularly 
in  the  case  of  frogs ;  yet  we  think  it  not  improbable  that,  in  conditions 
unfavourable  to  the  restorative  processes,  the  intermediate  apparatus 
may  occasionally  succumb  to  successive  vagus-stimulations,  especially 
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in  the  case  of  mammals.  This,  however,  we  are  convinced,  very  rarely 
occurs;  and  we  believe  that  the  majority  of  the  cases  for  which  the 
reservation  in  our  general  statement  was  framed,  are  due  to  exhaustion, 
not  of  the  intermediate,  common,  apparatus,  but  of  the  particular  vagus 
nerve  which  fails  to  check  the  heart.  Let  us  examine  the  special 
cases  which  appear  in  the  diagrams.  It  is  clear  that  failure  to  check 
the  heart  might  be  due  either  (1)  to  complete  exhaustion  of  the  vagus 
nerve  stimulated,  or  (2)  to  complete  exhaustion  of  the  intermediate 
mechanism.  K  it  were  due  to  exhaustion  of  the  intermediate  mechan- 
ism, the  current,  when  applied  immediately  afterwards  to  the  opposite 
vagus,  should  be  equally  ineffectual  to  stop  the  heart.  If  it  were  due 
to  exhaustion  of  the  vagus  nerve,  the  shunting  of  the  current  from  the 
active  nerve  into  the  exhausted  nerve  should  have  exactly  the  same 
effect  on  the  heart's  rate  as  shutting  off  the  current  altogether ;  thus, 
for  example,  the  emancipation  of  the  heart  from  vagus  control,  if  not 
complete  before,  should  at  once  become  complete  on  turning  the 
stimulus  from  the  vigorous  into  the  exhausted  nerve. 

Turning  now  to  the  first  case  of  failure  to  stop  the  heart  on  shunt« 
ing  the  current  into  a  vagus  which  had  shortly  before  been  under 
stimulation  (Exp.  L  pt.  ii.  133rd  sec),  we  find  that  the  effect  of  the 
shmiting  was  not  to  stop  or  slow  the  heart,  but  merely  to  arrest  the 
gradual  escape  of  the  heart  from  vagus  control.  Here  clearly  both 
nerve  and  intermediate  apparatus  were  active ;  but  since  the  nerve  was 
certainly  not  in  full  vigour,  having  only  40  seconds  before  been  severely 
tried,  we  probably  shall  not  err  in  assigning  to  the  exhausted  nerve  the 
responsibility  of  the  failure ;  at  least  we  cannot  say  it  was  due  to 
exhaustion  of  the  intermediate  apparatus  alone. 

In  the  second  case  (Exp.  IL  pt.  ii.  205th  sea)  shunting  into  the 
left  vagus  was  at  once  followed,  not  by  stoppage  or  slowing  of  the 
heart,  but  by  complete  emancipation  from  vagus  control,  and  a  rise  to 
what,  at  this  stage  of  the  experiment,  had  become  the  normal  pulse- 
rate.    It  is,  therefore,  clear  that  the  vagus  nerve  was  entirely  to  blame. 

Again  in  Exp.  II.  pt  iii.  at  the  96th  sec,  and  at  the  223rd  sec, 
shunting  into  the  left  vagus — it  is  the  same  vagus  in  both  cases — 
resembled  exactly  the  cessation  of  stimulation. 

In  Exp.  III.  195th  sec,  shunting  into  the  right  vagus,  which  had 
readily  checked  the  heart  not  long  before,  failed  to  produce  any  effect 
whatever*.     Here  the  heart,  during  the  prolonged  stimulation  of  the 

*  It  IB  qaite  tme  that  a  sndden  Blight  fall  of  poise-rate,  snch  as  ooourred  at  the  156th 
8«eofiid,  ohanced  to  coincide  with  the  act  of  shunting,  but  the  acts  are  evidently  in  no  way 
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left  vagus,  had  completely  escaped  the  inhibiting  influence  of  the 
stimulus;  we  have  therefore  no  reason  to  suppose  that  the  feilure 
was  due  to  anything  but  exhaustion  of  the  intermediate  apparatus, 
especially  when,  later  on,  it  was  shewn*  that  the  heart  after  a  short 
season  of  complete  rest,  could  be  readily  inhibited  through  the  right 
vagus. 

In  Exp.  IV.  pt  i.  218th  sec.,  and  242nd  sea,  in  both  which  c^es 
shunting  into  the  right  vagus  at  once  let  the  heart  slip  from  vagus 
control,  the  fault  was  without  a  doubt  in  the  nerve. 

In  Exp.  v.  54th  sec.  shunting  into  the  right  vagus  did  not  slow  or 
stop  the  heart,  but  rather  let  the  heart  go  more  quickly.  This  is  some- 
what inexplicable,  since  the  right  vagus  never  failed  again  in  the  course 
^of  the  very  long  experiment.  But,  whatever  the  cause  may  have  been, 
it  certainly  was  not  complete  exhaustion  of  the  intermediate  apparatus ; 
for  the  latter  had  been  active  just  a  second  before,  and  stimulation  of 
the  other  nerve  (the  left)  3^  minutes  after  caused  not  merely  stoppage, 
but  a  very  prolonged  stoppage,  of  the  heart. 

In  Exp.  YI.  260th  sec.  shunting  into  the  right  vagus  did  not  stop, 
but  merely  enfeebled,  the  heart.  This  must  have  been  due  to  failure 
of  the  nerve,  and  not  to  exhaustion  of  the  intermediate  apparatus; 
for,  on  shunting  the  current  into  the  left  nerve  at  the  375th  sec.,  the 
heart  was  at  once  checked.  About  the  failure  at  the  455th  sec.  we 
cannot  speak  so  positively ;  but  it  is  most  probable  the  cause  was  again 
'the  exhausted  state  of  the  nerve. 

In  only  one  case,  therefore,  out  of  the  above  examples  (which  were 
taken  without  reference  to  this  particular  point),  would  it  appear  that 
the  intermediate  apparatus  had  been  exhausted  by  successive  alternate 
stimulations  of  the  vagi.  In  every  other  case  the  enduring  powers  of 
the  intermediate  apparatus  shewed  themselves  to  be  incomparably 
higher  than  those  of  the  vagi. 

The  assumption  of  such  enormous  powers  of  endurance  for  the 
intermediate  mechanism  is  not  gratuitous.  As  long  ago  as  1869  A.  B. 
Meyeri"  pointed  out  that  the  heart  of  the  frog  could  be  inhibited  for 
hours  by  carefully  applying  inteiTupted  currents  to  the  sinus  venosus; 


*  In  a  part  of  the  experiment  not  pablislied,  for  reasons  already  given:  see  Exp.  III. 

t  A.  B.  Meyer,  Da$  Hefmnungtnerveruyitem  de$  Herzem  (Abstract  l^  Sohiffer,  Cen- 
traJblatt,  1S69,  No.  14,  p.  216).  It  is  interesting  to  notice  that  in  the  serpent  (Trojpt- 
donotui  natrix)f  Meyer  saooeeded  in  maintaining  an  almost  unbroken  stoppage  for 
hours  by  continued  stimulation  of  one  vagus  only;  and  by  alternate  stimulation  of  the 
right  and  left  vagus  a  stoppage  which  lasted  until  the  death  of  the  animal. 
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and,  although  we  have  sometimes  failed  to  inhibit  indefinitely — as  did 
also  Meyer — we  have  always  found  it  possible  to  stop  the  heart  for 
very  long  intervals  by  stimulating  the  sinus  venosus  even  with  weaker 
carrents  than  had  just  before  sufficed  to  exhaust  simultaneously  the 
inhibiting  powers  of  both  vagi. 

In  conclusion,  we  may  point  out  how  an  important  fact  by  which 
de  Tarchanoff  seeks  to  uphold  his  theory  of  a  twofold  intermediate 
mechanism  in  the  frog^s  heart  is  equally  consistent  with  our  theory. 
If  one  vagus  is  stimulated  so  as  to  check  the  heart ;  and  if,  just  before 
that  vagus  becomes  exhausted,  the  current  is  shunted  into  the  opposite 
vagus ;  the  whole  time  during  which  the  heart  is  checked  will  be  found 
to  equal  the  sum  of  the  times  during  which  each  nerve  can  stop  the 
heart  with  a  full  interval  for  rest  This  clearly  agrees  with  the  view 
of  two  perfectly  distinct,  right  and  left,  inhibiting  mechanisms.  But  it 
equally  well  agrees  with  the  accepted  view  of  a  common  intermediate 
apparatus  of  much  greater  enduring  powers  than  the  nerves  connected 
with  itb  For,  as  the  strength  of  a  chain  is  determined  by  the  weakest 
link,  so  the  more  readily  exhausted  vagus  determines  the  length  of 
time  during  which  the  heart  may  be  checked  by  exciting  through  it 
the  common  inhibitory  centre. 


EXPLANATION  OF  PLATE  I.     Figs.  1  to  8. 

In  figB.  1  to  7,  the  abecissse  indicate  time  in  secondn,  and  the  coordinates  the 
immber  of  heart-beats  in  10  seconds.  In  fi^.  8  the  abscisiue  indicate  minutes,  and 
the  coordinates  the  number  of  heart-beats  in  30  soconds. 

In  an  the  figures,  R  signifies  stimulation  of  the  right,  and  L  of  the  left,  vagus. 

In  fig.  7,  the  sudden  rise  of  pulse-rate  to  the  normal  about  the  60th  sec.  was 
probabljr  uue  to  a  momentary  want  of  contact  between  the  electrodes  and  the  ncrve» 
8»ch  as  might  hare  occurred  from  a  slight  movement  on  the  part  of  the  animaL 


NOTE  ON  'FECHNER'S  LAW/  By  COUTTS  TROTTER,  M.A. 

Trinity  CoUege,  Cambridge. 

The  so-called  "Psychophysical  Law"  of  Fechner  has  given  rise  to  a 
considerable  literature,  in  no  small  part  of  which  much  greater  im- 
portance seems  to  be  attributed  to  it  as  a  law  of  nature  than  is  really 
its  due. 

E.  H.  Weber's  observations,  that  in  many  cases  the  additional 
stimulus  requisite  in  order  to  produce  a  perceptible  difference  in  a 
sensation  is  approximately  a  constant  fraction  of  the  total  stimulus,  so 
long  as  the  total  stimulus  is  neither  very  small  nor  very  great,  are  no 
doubt  of  very  considerable  importance. 

"Fechner's  Law,"  however,  seems  to  be  simply  equivalent  to  the 
statement  of  this  fact,  expressed  in  a  much  more  positive  and  com- 
prehensive form  than  there  is  any  experimental  evidence  to  justify, 
combined  with  the  arbitrary  assumption  of  a  particukr  scale  by  which 
to  measure  sensations. 

The  nature  of  the  reasoning  by  which  "  Fechner's  Law*'  is  deduced 
from  Weber's,  may  perhaps  be  best  seen  by  exhibiting  it  in  a  more 
general  and  abstract  form  than  is  usually  done. 

a  and  y  are  (somewhat  remotely)  connected  as  cause  and  effect. 
xis  SL  quantity  capable  of  measurement  and  numerical  expression.  It 
is  required  to  find  an  expression  for  y  in  terms  of  x. 

One  value  of  y  may  be  observed  to  be  greater  or  less  than  another, 
but  no  measure,  in  the  ordinary  sense,  of  y  can  be  found,  and  the  state- 
ment that  one  value  of  y  was  double  of  another  would  have,  apart  from 
special  conventions,  no  definite  meaning. 

^^  yi9  Vv  Vf  ^'  ^  ^^®  y*B  corresponding  to  the  values  x^,  x^, x^,  &c. 
o{  X. 

Let  yi  +  8y,,  ^i  +  Syg,  &c.  be  the  least  ^s  greater  than  y^,  y,,  &a 
respectively,  which  are  distinguishable  from  them. 

Let  fiCj  +  &i?p  a?,  +  &»,,  &c.  be  the  corresponding  values  of  x. 

It  is  found  by  observation  that  within  certain  limits  the  incre- 
ment  of  x  (&r)  is  always  a  constant  fraction  of  x,  i.e. 

(1). 


Sx, 

&c. 

8a?, 

1 

_        t 

^■*'g 

etc. 

^i 

^. 

»• 
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This  &ct  has  also  been  expressed  by  saying  that  hy  remains  constant 
so  long  as  —  remains  constant,  i.e. 


X 


«y=*^ (2). 


X 


Although  &;  and  Sy  are  not  infinitesimals  they  are  still  very  small, 
and  the  solution  obtained  by  integrating  the  equation  in  which  they 
are  replaced  by  dx  and  dy  must  very  approximately  satisfy  (2)  *.     Thus 

'^y=*$ (3), 

whence  by  integration, 

y  =  A:  log  a?  -f  (7. 

If  x^  be  the  value  of  x  ivhich  corresponds  to  the  value  y^  ^^  y»  we 
have 

y^  =  A:loga?„  +  C; 

therefore  y^yo  =  itlog — (4). 

In  these  equations  nothing  is  assumed  as  to  the  nature  of  what  is 
represented  by  the  symbols,  but  only  that  the  quantities  symbolized  by 
tx  and  x  are  related  to  one  another  in  the  way  expressed  by  (1). 

If  however  x  denotes  a  stimulus,  y  the  corresponding  sensation,  and 
a?o  what  Fechner  terms  the  liminal  intensity  {SchweUenwerth)  oC 
stimulus,  ue.  the  greatest  stimulus  which  can  be  applied  without  pro- 
ducing a  sensation ;  then  y^  the  corresponding  sensation,  will  be  zero, 
and  we  shall  have 

y  =  AlogJ (5). 

This  is  the  usual  expression  for  "  Fechner's  Law.'' 

(1)  is  the  expression  of  Weber's  Law. 

(3)  is  what  Fechner  calls  his  "fundamental  formula''  as  opposed 
to  what  he  calls  his  ''measure  formula,"  (5). 

*  This  appean  to  be  the  least  nnsatisfaotoiy  way  of  passing  from  (2)  to  (3).  Fechner 
naea  fram  the  beginning  the  differential  notation,  and  thus  seems  to  evade  the  difficulty  of 
passing  from  the  essentially  finite  increments  9x  and  9y  to  the  indefinitely  small 
incKemanta  d»  and  dy  which  ace  neoessarily  inTolTed  in  an  'eqaation  which  has  to  be 
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Fechner's  words  are*: 

"According  to  the  experimental  law  of  Weber  dy^  remains  constant 

JO 

if  -§-  remains  constant,  whatever  be  the  absolute  values  of  d^  and  )8, 

and  according  to  the  mathematical  subsidiary  principle,  which  is  d 
priori  valid,  the  increments  drf  and  d^  remain  proportional  to  one 
another  so  long  as  they  are  very  small.  These  two  relations  may  be 
expressed  in  connection  with  one  another  by  the  following  equation: 

JQ 

dy=sk-^  when  fc  is  a  constant  dependent  upon  the  units  chosen  for 

13  and  7." 

It  may  be  remarked  that  the  equation  (3)  as  distinguished  from  (2) 
is  hardly  interpretable ;  dy  is  indefinitely  less  than  Sy  which  is  the 
least  perceptible  increment  of  sensation,  i.e.  dy  is  an  insensible  dif- 
ference between  two  sensations,  which  seems  to  be  something  like 
a  contradiction  in  terms. 

Fechner  goes  on  to  sayj;: 

"The  Fundamental  formula  assumes  no  measure  of  sensation,  and 
does  not  supply  any  such  measure,  but  only  expresses  the  law  of  the 
relation  between  small  corresponding  increments  of  stimulus  and  sen- 
sation. In  a  word  it  is  nothing  else  than  the  combined  expression  in 
mathematical  symbols  of  Weber's  law  and  of  the  subsidiary  mathe- 
matical principle." 

"Another  formula,  however,  is  connected  with  this  one  by  inte- 
gration, which  gives  a  general  relation  of  magnitude  between  the 
stimulus  arising  from  the  summation  of  increments  of -stimulus  and  the 
sensation  arising  from  the  summation  of  increments  of  sensation...." 

I  am  unable  to  accept  the  first  statement  in  this  extract. 

In  (2)  it  is  assumed  that  iy  is  constant. 

This  is  equivalent  to  the  assumption  that  the  proper  numerical 
expression  of  y  is  the  number  of  least  appreciable  increments  of  y 
between  its  actual  value  and  zero ;  in  other  words,  that  one  value  of  y 
is  double  of  another  if  the  number  of  smallest  appreciable  steps  between 
it  and  zero  is  twice  as  great  in  the  one  case  as  in  the  other ;  i.e,  Fech- 
ner s  so  called  Law  is  simply  the  definition  of  an  arbitrary  scale  for  the 

•  ElemenU  der  Ptyehophyiik,  n*»  Theil,  p.  10. 

t  /9  is,  of  oonrse,  aooording  to  Fechner^s  notation  the  stimulus,  7  the  corresponding 
sensation.    They  correspond  to  my  «  and  y  respectively. 
Loc.  cit. 
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measurement  of  sensations,  which  may  be  convenient  in  use,  but  is  in 
no  sense  a  law  of  nature  from  which  any  useful  deductions  may  be 
made. 

E.g.  if  by  a  sensation  of  red  light,  numerically  represented  by  50, 
we  mean  the  sensation  produced  by  red  light  of  such  intensity  that 
there  are  exactly  49  other  lesser  intensities  of  red  light  which  produce 
sensations  each  distinguishable  from  the  others,  and  intermediate  be- 
tween the  sensation  expressed  by  the  number  50  and  absolute  dark- 
ness, then,  and  only  then,  can  Fechner's  formula  express  the  relation 
between  the  numerical  intensity  of  the  sensation  of  red  according  to 
the  assumed  scale,  and  the  vis  viva  of  the  light  of  a  certain  wave- 
length which  stimulates  the  eye. 

Accordingly,  "Fechner's  Law"  is  not  simply  a  different  mode  of 
expressing  Weber's  empirical  Law  or  a  mathematical  deduction  from  it, 
but  involves  Weber's  Law  together  with  an  arbitrary  assumption  of  a 
scale  by  which  to  measure  sensations. 

Several  attempts  have  been  made  to  modify  the  expression  of 
''  Fechner^s  Law,"  and  to  introduce  other  constants  dependent  upon  the 
result  of  substituting  extreme  values  of  a;  in  the  general  formula. 
These  attempts  appear  to  lead  to  nothing.  "  Fechner's  Law"  can  have 
no  greater  generality  than  Weber's  Law,  upon  which  it  is  based ;  and 
Weber's  Law  is  avowedly  an  empirical  law,  which  is  approximately 
true  within  certain  limits,  but  fails  sensibly  when  x  is  either  very 
great  or  nearly  equal  to  the  value  {x^  which  produces  the  least  per- 
ceptible sensation  (y^). 

No  doubt  the  expression  of  Weber's  Law  itself  may  be  so  modified 
as  to  correspond  more  exactly  with  experiment,  and  on  the  assumption 
that  the  reason  why  light  of  less  than  a  certain  minimum  intensity 
produces  no  sensation  is,  that  the  sensation  due  to  it  is  overpowered 
by  the  sensation  of  light  due  to  internal  causes  in  the  eye,  this  **  proper 
light  of  the  eye"  may  be  introduced  into  the  formula  in  place  of  the 
'^liminal  intensity"  of  stimulus  (^J*.  Still  the  formula  is  at  best  an 
empirical  one  and  cannot  he  safely  used  beyond  those  limits,  either 
of  range  or  accuracy,  within  which  experiment  shews  that  it  represents 
the  £ACt& 

Mr  B.  T.  Lowne'f'  proposes  to  substitute  for  Fechner's  formula  a 
totally  distinct  one.     If  I  understand  him  aright,  he  points  out  cor- 

*  HelmholiE,  Pkyiiologitche  Optik,  pp.  813—816. 

t  Pne.  &  Soc,  1877,  VoL  zzr.  p.  467  ff.,  Jowmal  of  Anatomy  and  PkyHology,  Vol  zx. 
p.  707  II. 
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rectly  that  Fechner  treats  the  least  sensible  increments  of  sensation  as 
equal  increments,  though  his  objection  to  this  supposition  is  unten- 
able*. He  makes,  however,  the  at  least  equally  arbitrary  assumption, 
that  if  a  certain  proportion  of  the  retinal  elements,  more  or  less  uni- 
formly spread  over  the  surface,  be  stimulated  in  a  particular  way,  a 
sensation  will  be  produced  which  varies  as  the  proportion  of  the  retinal 
elements  which  are  stimulated. 

This  appears  to  be  something  worse  than  an  arbitrary  hypothesis. 
So  long  as  in  looking  at  a  white  surface  covered  with  black  lines  or 
dots  I  can  distinguish  the  lines  or  dots,  I  experience  a  sensation  which  is 
quite  distinct  in  kind  from  that  produced  by  a  uniform  grey  surface. 
When  either  from  the  fineness  and  closeness  of  the  lines,  or  the 
distance  of  the  diagram,  the  separate  lines  are  no  longer  distinguish- 
able, it  is  no  longer  possible,  as  Lowne  himself  admits,  to  assume  that 
a  definite  proportion  only  of  the  retinal  elements  are  stimulated.  It  is 
assumed,  moreover,  that  the  light  stimulus  produced  by  a  black  line  on 
ordinary  paper  in  ordinary  daylight  is  nil,  which  is  by  no  means 
the  case. 

The  fact  is,  sensation  is  not  a  quantity  at  all,  and  there- 
fore not  capable  of  measurement  as  sensation.  It  is,  like 
temperature,  capable  of  variation  of  degree,  but  changes  of  sensation, 
unlike  changes  of  temperature,  do  not  as  far  as  we  know  produce 

*  His  words  are  (Journal  of  Anatomy  and  Phytiology,  Vol.  xi.  p.  708) :  **  There  is,  how- 
erer,  a  yeiy  important  diffionlty  in  adopting  Feohner's  formula,  whioh,  so  far  as  I  am 
aware,  has  not  been  hitherto  pointed  out :  it  is  this,  the  increments  to  the  sensation  are 
evidently  supposed  to  be  equal  increments,  and  to  bear  definite  relations  to  the  already 
existing  sensation ;  whilst  aU  ordinary  stimuli  are  yeiy  far  removed  from  the  liminal 
stimulus :  henoe  if  Feohner's  formula  reaUy  represented  the  true  value  of  a  sensation,  all 
ordinary  sensations  should  consist  of  a  vast  number  of  perceptible  increments ;  and  by 
ordinary  daylight  we  ought  to  be  able  to  distinguish  a  vastly  greater  number  of  shades  of 
grey  between  black  and  white  than  we  can  by  the  light  of  a  lamp  or  an  ordinary  candle. 
Now,  as  any  one  can  soon  convince  himself,  this  is  not  the  case ;  an  engraving  has  a  very 
few  gradations  of  shade  in  it,  generally  not  more  than  a  dozen,  and  it  has  nearly  the 
same  appearance  ¥rith  yery  different  degrees  of  illumination." 

This  latter  statement  is  strictly  in  accordance  yrith  Weber's  law  and  Fechner^s 
formula.  According  to  these  the  number  of  distinguishable  shades  of  grey  between  the 
colours  of  white  paper  and  of  printer's  ink  ought  to  be  the  same  for  any  ordinary  degree  of 
illumination  of  the  shaded  surfaces,  but  between  the  stimulus  produced  by  printer's  ink 
in  a  bright  light  and  absolute  darkness  on  the  one  hand,  and  between  the  stimulus 
produced  by  white  paper  in  a  duU  light  and  the  maximum  sensation  of  white  light  on  the 
other  hand,  there  are  a  great  number  of  recognizable  steps. 

As  a  matter  of  fact  Weber's  law  is  only  approximately  true,  and  very  delicate  differ- 
ences of  shade  are  only  perceptible  by  a  light  of  suitable  brightness,  sometimes  indeed 
only  between  rather  narrow  limits  of  iUomination. 
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measurable  changes  in  anything  which  is  open  to  our  observation,  and 
we  are,  therefore,  unable  to  construct  for  sensations  anything  cor- 
responding to  a  thermometer  or  a  thermometric  scale. 

Since  the  above  was  in  type  I  have  seen  for  the  first  time  in  extenso 
an  article  by  K  Hering  on  Fechner's  Law*.  In  it  Hering  brings  evi- 
dence to  shew  that  Weber's  Law  is  not  so  firmly  established  or  of  such 
wide  application  as  has  been  generally  supposed.  He  also  points  out 
that  Webei^s  Law  as  assumed  by  Fecbner  (3)  is  not  identical  with 
Weber^s  actual  statement  which  is  represented  by  (1).  He  attacks 
Fechner^s  result  as  improbable  and  leading  in  some  cases  to  absurd 
resultSL  These  are  taken  from  such  instances  as  the  sensation  (qu. 
perception)  of  extension  of  space  and  length  of  time.  If  however  it 
18  allowable  at  all  to  speak  of  the  sensation  of  a  line  two  inches  long, 
or  of  a  sound  lasting  two  seconds,  as  double  the  sensation  of  a  line 
one  inch  long,  or  of  a  sound  lasting  one  second,  it  is  in  a  veiy  different 
sense  firom  that  in  which  we  speak  of  a  paper  illuminated  by  two 
candles  giving  us  a  greater  sensation  of  brightness  than  that  illumi- 
nated by  one.  It  is  only  in  this  latter  sense  that  Fechner's  Law  seems 
to  have  a  meaning  (although  Weber's  Law  in  the  form  represented  by 
(1)  is  applicable  to  the  ocular  judgment  of  the  lengths  of  lines),  but 
while  in  this  sense  it  is  possible  to  speak  of  it  (assuming  Weber's  Law) 
as  a  convenient  or  inconvenient  mode  of  representing  numerically  in- 
tensity of  sensation,  it  is  impossible,  so  long  as  we  have  no  independent 
measure  of  sensation,  to  speak  of  it  as  either  a  right  or  a  wrong  repre- 
sentation of  £ACt& 

*  Zar  Lehre  Ton  der  Beziehong  zwisohen  Leib  and  Seele.  i  Mittheilang:  Ueber  Fech- 
nex^  psTehophysUwhes  Oesets,  SUnmgth,  der  Wiener  Akad,  Bd.  Lxxn.  Abth.  iii.  1875. 
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ON  HYPERPLASIA  OF  THE  MUSCULAR  TISSUE  OF 
THE  LUNGS.  By  WILLIAM  STIRLING,  M.D.,  Sc.  D., 
F.R.S.E.y  Regiua  Professor  of  the  Institutes  of  Medicine  in  t/ie  Uni- 
versity of  Aberdeen.    (PL  IL  Figs.  I — 3.) 

{From  the  Pltysiohgical  Laboratory  of  the  University  of  Aberdeen,) 

In  the  Quarterly  Journal  of  Microscopical  Science*  I  described  <;ertain 
changes  produced  in  the  lungs  of  cats  by  the  presence  of  the  embryos  of 
a  nematode  worm,  OUvlanue  tricuspis  (Leuckhart).  These  parasites 
acting  as  foreign  bodies  produce  changes  in  the  epithelial  covering  of 
the  air-vesicles,  like  those  of  ordinary  desquamative  pneumonia. 
Recently,  Prof.  J.  Eberth  of  Zurich i*  has  found  that  there  is  in  addition 
a  marked  hypertrophy  of  the  muscular  tissue  in  the  lungs  of  cats 
affected  with  parasites.  By  the  publication  of  his  paper  I  have  been 
led  to  reexamine  my  former  preparations,  and  I  can  confirm  this  obser- 
vation, that  in  case  of  ollulaniasis  there  is  a  marked  hypertrophy  of  the 
non- striped  muscle-fibres  existing  between  the  air- vesicles.  According 
to  Rindfleisch,  the  circularly  disposed  muscular  fibres  of  the  smallest 
bronchia  send  looped  processes  into  the  wall  of  the  infundibulum,  pass- 
ing over  its  base.  At  several  points  also  there  are  fibres  arranged 
circularly  round  the  infundibulum^. 

This  hypertrophy  is  one  of  the  best  proofs  of  the  existence  <A  non- 
striped  muscular  fibres  in  the  parenchyma  of  the  alveolus. 

In  the  lungs  of  the  cat  these  embryos  of  OUulanus  occur  in  enormous 
numbers,  and  give  rise  to  lobular  pneumonia,  and  in  sections  of  a  lung 
so  affected,  the  hypertrophy  of  the  tissue  between  the  air-vesicles  is 
very  marked.  This  inter-alveolar  hypertrophy  is  largely  due  to  a  great 
increase  in  the  number  of  the  non-striped  muscular  fibres. 

Figs.  1  and  2,  PI.  ii.,  show  these  changes :  a,  a  are  placed  within 
air-vesicles  which  are  seen  to  be  surrounded  with  a  dense  network  of 
fibres,  containing  many  fusiform  nuclei.  The  thick  trabeculae  (6)  with 
their  nuclei  consist  of  longitudinally  arranged  bundles  of  muscular 
fibres,  which  cross  each  other  here  and  there.  At  i,  in  Fig.  2,  some  of 
these  fibres  are  seen  to  dip  into  the  septum  between  two  air-vesicles. 
I  have  succeeded  in  splitting  up  these  trabeculae  and  in  isolating  the 
muscular  fibre-cells.  Fig.  3  shows  one  of  these  trabeculae  6,  splitting 
up  at  c,  and  resolving  itself  into  muscular  fibre-cells  at/.   In  Figs.  1  and 

•  No.  LXVT.,  K.fl.,  April,  1877.  +  Vitchmc'i  Arehiv,  lxxii.,  Heft  1. 

t  Centralblatt  f.  Med.  msgenseh.  1872,  No.  6. 
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2,  c  represents  the  nuclei  of  the  epithelial  cells  of  air-vesicles  slightly 
out  of  focus. 

On  making  a  transverse  section  of  a  bronchus,  no  hypertrophy  of 
its  muscular  coat  was  observed,  nor  did  I  find  any  embryos  in  the 
connective  tissue  which  accompanies  the  bronchi  into  the  lung. 

The  muscular  coat  of  the  arteries,  however,  undergoes  a  marked 
hypertrophy,  the  branches  of  the  pulmonary  arteries  being  specially 
affected,  their  middle  coat  being  in  some  cases  several  times  its  ori- 
ginal size. 

With  regard  to  the  best  manner  of  displaying  these  fibres: — ^Harden 
the  lungs  in  the  ordinary  way  in  one  quarter  per  cent,  chromic  acid, 
and  stain  the  sections  with  purpurine,  recommended  by  Ranvier  for 
other  purposes,  and  especially  for  bone.  The  sections  require  to  lie  for 
a  condderable  time — say  two  days — in  the  stuning  fluid,  and  when 
examined  in  dammar  an  excellent  view  of  the  arrangement  and  dis« 
tribution  of  the  trabecule  is  obtained. 

To  obtain  the  isolated  fibre-cells,  I  find  that  prolonged  maceration 
of  the  diromic  acid  lung  in  a  twenty  per  cent,  solution  of  nitric  acid 
answers  admirably,  and  Fig.  3  was  made  in  that  way.  In  Fig.  3  the 
epithelial  cells  c  are  swollen  up  and  altered,  and  present  the  appearance 
of  those  in  desquamative  pneumonia. 

It  is  extremely  interesting  to  compare  these  changes  with  those 
that  have  been  found  in  the  human  lung.  Rindfleisch  has  shown  that 
the  muscular  fibres  between  the  air-vesicles  become  hypertrophied  in 
brown  induration  of  the  lung,  and  Buhl*  found  that  the  cirrhosis  occur- 
ring after  desquamative  pneumonia  was  partly  due  to  hypertrophy  of 
tbene  muscular  fibres. 

I  have  not  had  an  opportunity  of  examining  the  lungs  of  any 
animal  except  those  of  the  cat.  Here  the  hypertrophy  in  olluianiasis 
is  certainly  most  marked,  but  Eberth,  who  has  examined  the  lungs  of 
other  animals  (vermous  inflammation  in  lungs  of  sheep,  pig — chronic 
pneumonia  of  man,  dog  and  ox — ^brown  induration,  cirrhosis),  finds  that 
in  none  of  these  cases  is  the  hypertrophy  so  pronounced  as  in  the  lungs 
of  the  cat. 

EXPLANATION  OP  FIGURES.    PL,  IL 
Figs.  1  and  2.     From  lang  of  cat  affected  with  Ollulanus.     a,  air-Tesicles ; 
hj  trabeculfe  between  air-yesicles ;  c,  nuclei  of  epithelial  cella  of  vesicles  slightly  out 
of  focus.    Dammar,  purpurine,  Hartnack  Obj.  V.  oc.  3. 

Fig.  3.  a,  air-vesicle;  &,  trabecula  splitting  up  at  /  into  muscular  fibres; 
c,  swoUeo^Qp  epitiielial  cells.    Glycerine,  logwood,  Hartnack  Obj.  VII.  oc.  3. 

*  LungfnenUundung,  2.  Aoflage,  p.  5S,  1873. 
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SOME  REMARKS  ON  THE  FORMATION  OF  FERMENT 
IN  THE  SUB-MAXILLARY  GLAND  OF  THE  RAB- 
BIT. By  J.  N.  L ANGLE Y,  B.A.,  FeUow  of  TrinUy  College, 
Cambridge.    (PL  II.  Fig.  4.) 

Eably  in  the  past  year  (1877)>  I  commenced  to  make  some  experi- 
ments to  test  the  conclusions  arrived  at  by  Nussbaum*,  concerning 
the  recognition  under  the  microscope  of  the  amylolytic  ferment  of  the 
salivary  glands.  Circumstances  prevented  me  from  carrying  them  out 
as  I  had  purposed,  and  in  the  meanwhile,  Grtitzner'l*  has  been 
working  at  the  subject,  and  arrived  at  results  which  invalidate  Nuss- 
baum's  conclusions.  Incomplete  as  my  experiments  are,  still  they 
may  serve  to  fill  up,  to  a  certain  extent,  a  gap  in  Grtitzner's  ob- 
servations so  far  as  the  sub-maxillary  gland  of  the  rabbit  is  concerned. 

The  starting-point  of  Nussbaum's  work  was  the  fact  that  the 
amylolytic  ferment  as  prepared  by  von  Wittich's  method,  reduced 
osmic  acid ;  from  this  he  argued  that  those  parts  of  a  gland  which 
contain  ferment,  must  be  stained  black  by  this  reagent,  and  that  if  the 
ferment  be  extracted  from  the  gland  before  the  latter  is  treated  with 
osmic  acid,  the  parts  which  are  no  longer  deeply  stained  must  represent 
the  parts  which  are  concerned  in  ferment-production. 

His  method  of  preparation  in  order  to  observe  the  difference  of 
colouration  before  and  after  the  removal  of  the  fennent,  is  the  follow- 
ing: he  places  one  piece  of  the  gland  warm  from  the  body,  in  a 
1  per  cent,  aqueous  solution  of  osmic  acid  for  a  definite  time,  and 
another  piece  in  osmic  acid  of  a  like  strength  for  a  like  time,  after 
it  has  been  extracted  with  glycerine  for  two  or  three  days,  with  or 
without  previous  hardening  in  alcohol. 

Treating  in  this  way  the  sub-maxillary  gland  of  the  rabbit,  he 
obtained  from  the  piece  of  the  gland  laid  fresh  m  osmic  acid,  certain 
cells  of  the  alveoli,  very  deeply  stained ;  these  were  the  more  centrally 
lying  cells  coming  immediately  after  the  ductules^:,  which  for  conveni- 

•  <*Die  Fermentbildang  in  den  DriUen,**  Arehiv  fUr  mierose.  AnaU  xm.  (1876), 
p.  721. 

t  Pjmger*s  Arehiv,  xvi.  (1877),  p.  106. 

t  I  vme  the  word  daotoles  for  those  small  terminal  dnots  which  have  lost  the  oharao- 
teristio  appearance  of  the  larger  ducts,  in  no  longer  possessing  a  cylindrical  epitheliom 
with  a  striated  outer  border;  they  were  called  by  their  discoverer,  Ebner,  **  Schaltstttcke." 
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ence,  and  for  reasons  to  be  given  presently,  I  will  call  "transition" 
cells;  in  the  piece  however  that  had  been  treated  with  glycerine  for 
the  extraction  of  ferment,  he  found  the  transition-cells  to  be  stained 
not  more  deeply  than  those  in  the  peripheral  parts  of  the  alveoli.  He 
concludes  then  from  this,  that  the  amylolytic  ferment  is  formed  in  the 
transition-cells ;  the  more  peripheral  alveolar  cells  not  being  concerned 
in  ferment-production. 

Leaving  for  the  moment  the  consideration  as  to  whether  this  de« 
duction  is  logical  or  no,  I  would  first  discuss  the  facts  on  which  the 
deduction  is  founded. 

The  appearances  described  by  Nussbaum  after  the  gland  has  been 
treated  in  the  above-mentioned  ways,  do  not,  I  think,  represent  the 
actual  state  of  things.  When  the  gland  is  treated  with  osmic  acid, 
only,  and  sections  cut,  it  is  true  that  there  are  certain  cells  forming 
that  part  of  the  alveolus  immediately  succeeding  the  ductule,  which 
are  more  deeply  stained  than  those  of  the  more  peripheral  part  of  the 
alveolus ;  but  I  have  seen  no  section  in  which  there  was  any  marked 
difference  in  colouration  between  these  transition-cells  and  the  cells 
of  the  ductule.  In  all  sections  the  ducts  stain  most  deeply,  less  deeply 
the  ductules  and  transition-cells,  slightly  the  peripheral  alveolar  cells. 
Nussbaum  represents  the  ductules  as  composed  of  small  elongated 
ceUs  (cp.  his  figures),  from  which  without  intermediate  forms*,  there  is 
a  sudden  change  to  the  large  alveolar  cells.  It  appears  to  me,  on  the 
contraiy,  that  the  cells  composing  the  ductule  are  but  slightly  elon- 
gated or  not  at  all,  and  graduate  as  regards  size  and  appearance  into  the 
alveolar  cells,  so  that  of  particular  ones  it  is  difficult  to  say  whether  they 
belong  to  the  ductule, or  to  the  alveolus;  hence  I  name  them  transition- 
cells.  A  favourable  example  of  this  transition  is  drawn  in  PL  II., 
Fig.  4.  This  is  taken  from  the  sub-maxillary  gland  of  a  rabbit  which 
had  been  treated  with  osmic  acid,  1  per  cent.,  for  two  hours;  (a) 
ductule,  (6)  transition-cells,  (c)  alveolar  cells  proper.  This  offers  an 
approximate  explanation  of  the  colouratifDn  by  osmic  acid  of  the 
transition-cells  observed  by  Nussbaum,  viz.,  that  they  are  as  much 
allied  to  the  duct-cells  as  to  the  alveolar  cells,  and  preserve  the  pro- 
perty of  the  duct-cells  to  readily  reduce  osmic  acid. 

When  the  gland  is  treated  with  glycerine,  or  with  alcohol  and  then 
with  glycerine,  previous  to  its  being  placed  in  osmic  acid,  there  is  a 
diminution  in  intensity  of  colouring  of  all  the  normally  staining  parts, 
ducts,  ductules,  and  transition-cells,  so  that  the  alveolar  and  transition- 

*  In  this  following  Ebner. 
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cells  are  much  more  nearly  of  the  same  tint.  An  equality  of  tint 
after  three  days'  stay  in  glycerine  (Nussbaum  gives  two  or  three  days) 
I  have  never  observed,  although  it  is  possible  with  a  longer  stay  that 
such  might  be  the  case.  There  is  then  in  all  the  cellular  elements  of 
the  gland,  with  the  exception  of  the  alveolar  cells,  some  substance  (or 
substances)  readily  reducing  osmic  acid,  and  which  is  either  dissolved 
or  altered  in  its  chemical  characters  by  glycerine.  This  substance  in 
the  diicts  is  ignored  by  Nussbaum,  he  failed  to  observe  it  in  the  duc- 
tules ;  and  in  the  transition-cells,  where  he  did  observe  it,  he  attributes 
it  to  the  amylolytic  ferment. 

Now  if  it  be  true,  as  Nussbaum  thinks,  that  glycerine  simply 
removes  the  ferment  from  the  gland,  and  thereby  diminishes  the 
staining  effects  of  osmic  acid,  there  appears  to  me  to  be  no  reason, 
in  consideration  of  what  I  have  said  above,  to  limit  the  ferment  to 
the  transition-cells ;  on  the  contraiy,  we  should  have  to  say  that  the 
duct,  ductule,  and  transition-cells,  are  the  manufacturers  of  ferment, 
and  that  the  alveolar  cells  proper  have  not  this  function.  Little  pro- 
bable as  this  appears,  still  it  might  be  the  case,  and  it  seemed  to  me 
capable  of  being  decided  in  the  following  way. 

Four  small  pieces,  as  nearly  as  possible  of  the  same  size,  were  taken 
from  the  sub-maxillary  gland  of  a  rabbit  immediately  after  its  death, 

(a)    was  placed  in  osmic  acid,  1  per  cent.,  for  two  hours. 

(6)  was  placed  in  absolute  alcohol  for  twenty-four  hours,  then 
in  strong  pure  glycerine  for  three  days,  and  finally  in  osmic  acid,  1  i>er 
cent.,  for  two  hours. 

(c)  was  placed  in  absolute  alcohol  for  twenty-four  hours  (like  6), 
and  after  removing  the  superfluous  alcohol,  was  placed  in  osmic  acid, 
1  per  cent.,  for  two  hours. 

{d)  was  placed  in  strong  pure  glycerine  for  two  days,  and  then 
in  osmic  acid  like  the  rest. 

Now  if  the  removal  of  ferment,  and  that  alone,  causes  the  difference  in 
colouration,  then  (a)  and  (c)  from  which  no  ferment  was  removed  should 
be  alike,  and  (6)  and  (d)  from  which  the  ferment  was  removed  should 
also  be  alike ;  or  again,  supposing  that  there  were  several  causes  bringing 
about  a  difference  in  colouration  of  which  the  presence  or  absence  of 
ferment  was  one,  then  (a)  need  not  be  like  (c),  but  (c)  must  be  different 
from  (6),  since  from  (c)  the  ferment  was  not  extracted  by  glycerine, 
but  was  from  (ft).    As  a  matter  of  fact,  only  the  piece  of  the  gland 
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(a)  that  had  been  placed  straight  from  the  body  into  osmic  acid  con- 
tained deeply  stained  cells  (as  described  above) ;  all  the  others^  (6),  (c), 
({Q,  contained  ducts  moderately  stained,  ductules,  and  transition-cells 
slightly,  and  alveolar  cells  hardly  at  all  stained.  The  fact  that  there 
was  no  di£ferenoe  of  tint  between  (c)  and  (6),  showed  that  the  diminu- 
tion of  tint  was  not  due  to  the  extraction  of  ferment,  for  we  can  scarcely 
imagine  the  ferment  to  be  soluble  in  absolute  alcohol 

At  the  time  of  making  the  above  observations  I  assumed  that 
Nussbaum's  ground-fact  as  to  the  normal  existence  of  ferment  in  the 
sub-maxillary  gland  of  the  rabbit  was  correct ;  on  the  two  occasions 
when  I  tried  to  obtain  an  amylolytic  reaction  from  the  glycerine  extract 
of  the  gland  and  failed,  I  attributed  my  failure  to  some  inaccuracy  on 
my  own  part ;  but  Qriitzner  in  his  recent  paper  strongly  upholds  his 
(and  Schiffs)  previous  statement,  that  the  jgland  contains  no  such 
ferment.  This,  if  true,  is  of  course  in  itself  sufficient  to  overthrow 
Nussbaum's  conclusions,  but  if  perchance  it  is  not  true,  the  histological 
observations  given  above,  show  I  think,  that  the  absence  of  colouration 
with  osmic  acid  occurring  after  treatment  of  the  gland  with  glycerine, 
cannot  be  due  to  extraction  of  ferment. 


CONCERNING  THE  EFFECTS  ON  FROGS  OF  ARREST 
OF  THE  CIRCULATION,  AND  AN  EXPLANATION 
OF  THE  ACTION  OF  POTASH  SALTS  ON  THE 
ANIMAL  BODY.  By  SYDNEY  RINGER,  M.D.,  Professor 
of  Therapeutics  at  University  College,  and  W.  MURRELL,  M.RC.P., 
Assistant  Fht/sician  to  the  Royal  Hospital  for  Diseases  of  the  Chest, 

PART  I. 

We  have  often  noticed  that  different  drugs,  as  potash  salts,  arsenic, 
aconitia,  produce  on  frogs  the  same  effects  and  in  the  same  order.  Thus 
at  first  slight  loss  of  sensation  and  of  voluntary  and  reflex  action  set  in ; 
sensation  and  reflex  action  greatly  diminish  and  soon  become  extinct, 
whilst  considerable  voluntary  power  remains ;  so  that  an  animal  without 
sensation,  and  therefore  also  without  reflex  action,  can  still  hop  vigor- 
ously. Then  voluntary  power  declines  and  ceases,  the  animal  becoming 
completely  pai'alysed.  In  some  experiments  made  several  years  ago, 
the  results  being  intended  to  serve  as  standards  in  other  investigations, 
we  found  that  arrest  of  the  circulation,  either  by  ligature  of  the  bulb 
of  the  aorta,  or  by  cutting  out  the  heart,  or  by  bleeding  the  frog  to 
death  by  opening  the  abdominal  vein,  produced  the  same  effects  as 
the  drugs  just  referred  to  and  in  the  same  order.  It  occurred  to  us 
that  these  drugs  might  operate  in  the  same  way  as  mechanical  arrest 
of  the  circulation,  and  we  at  first  thought  that  they  might  produce 
their  phenomena  by  arresting  the  heart's  action,  since  they  all  paralyse 
the  heart. 

We  instituted  a  series  of  experiments  with  potash  salts  to  ascertain 
the  truth  of  this  conjecture,  and  our  results  are  published  in  the  Jowmal 
of  Anatomy  and  Physiology  far  1877.  Potash  salts  we  found  do  not 
paralyse  exclusively  by  virtue  of  their  power  to  arrest  the  heart's  action : 
for  after  potash  poisoning  the  symptoms  come  on  more  quickly  and 
complete  paralysis  ensues  sooner  than  after  mere  arrest  of  circulation 
by  ligature  of  the  aorta.  But  as  potash  but  slowly  arrests  the  heart 
this  drug  should  produce  paralysis  later,  and  sensation,  reflex  action, 
aud  voluntary  power  should  persist  longer  than  after  arrest  of  the 
circulation.  Moreover,  after  complete  potash  paralysis,  on  examining 
the  web  under  the  microscope,  we  found  the  circulation  still  going  on. 
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How  does  arrest  of  the  circulation  paralyse  ?  It  may  act  in  two 
ways,  either  by  limiting  the  due  supply  of  oxygen  to  J;he  tissues  or  by 
preventing  the  removal  of  the  products  of  retrograde  metamorphosis, 
and  these  accumulating'  poison  the  tissues :  in  other  words,  the  tissues 
poison  themselves.  Both  causes  will  produce  the  same  symptoms  in 
the  same  order ;  thus  the  most  highly  endowed  tissues,  the  brain  and 
cord,  are  more  dependent  on  oxidation  than  other  tissues,  and  are  also 
the  first  to  suffer  from  the  poisonous  effect  of  accumulated  waste  pro- 
ducts. 

Do  potash  salts  act  by  arresting  oxidation,  or  by  an  affinity  for  nitro* 
genous  tissues,  so  destroying  their  functional  activity?  If  by  their 
affinity  for  nitrogenous  tissues,  we  should  expect  the  order  of  the  phe- 
nomena after  potash  poisoning  would  be  the  same  as  after  mechanical 
arrest  of  the  circulation ;  for  owing  to  the  common  affinity  of  potash 
salts  for  all  nitrogenous  tissues,  those  endowed  with  the  highest  func- 
tional activity  must  suffer  earliest  and  suffer  most,  and  this  too  happens 
with  arrest  of  oxidation  by  stoppage  of  the  circulation. 

We  shall  venture  to  attempt  to  answer  these  questions,  and  shall 
first  treat  of  the  effect  of  arrest  of  the  circulation  and  endeavour  to 
ascertain  by  what  means  it  paralyses.  Before  giving  the  details  of  our 
experiments,  it  will  be  convenient  to  describe  in  a  few  words  our  mode 
of  proceeding.  After  ligature  or  excision  of  the  heart,  we  tested  sen- 
sation, reflex  action,  and  voluntary  power,  by  pinching  a  toe  or  the  skin 
of  the  1^,  and  when  this  failed  to  excite  either  voluntary  or  reflex 
action,  whilst  the  animal  retained  considerable  voluntary  power,  we 
concluded  that  sensation  was  abolished. 

On  mechanical  arrest  of  the  Circulation. 

In  this  section  we  shall  first  give  an  account  of  the  order  of  the 
symptoms  following  mechanical  arrest  of  the  circulation,  and  then 
^ow  that  this  order  varies  in  different  months  of  the  year ;  then  we 
shall  attempt  to  explain  how  the  arrest  of  the  circulation  produces  these 
sjmptomsii 

Our  observations  were  made  in  June,  July,  August,  September  and 
October  of  1876,  nearly  all  between  7  a.m.  and  11  a.m.  We  performed 
two  sets  of  experiments ;  one  set  on  unmutilated  frogs,  the  other  set  on 
brainless  frogs,  i,e,  frogs  whose  cords  we  divided  opposite  the  occipito- 
ailantoid  membrane  and  whose  brains  we  destroyed  by  passing  a  wooden 
peg  into  the  skull,  thus  serving  also  to  arrest  any  haemorrhage. 
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We  must  confess  that  we  were  not  prepared  to  find  how  quickly 
and  completely  arrest  of  the  circulation  paralyses  certain  parts  of  the 
nervous  system.  The  influence  of  arrest  is  known  to  many  ynriters, 
who  indeed  refer  to  it  in  their  papers ;  but  we  believe  that  many  ex- 
perimenters are  unaware  of  its  influence  and  attribute  to  the  direct 
action  of  a  drug  on  the  nervous  system  symptoms  in  part  at  least  due 
to  its  effect  od  the  circulation. 

We  shall  first  speak  of  the  effect  on  frogs  with  the  nervous  system 
unmutilated,  and  then  on  brainless  frogs.  We  now  give  a  general 
account  of  the  order  of  the  symptoms,  leaving  for  a  subsequent  part  of 
our  paper  a  detailed  account  of  the  variation  that  occurred  in  the  colder 
season.  A  few  minutes  after  the  application  of  the  ligature,  both  volun- 
tary and  reflex  action  become  impaired ;  the  loss  of  sensation  and  reflex 
action  rapidly  increases  in  a  greater  degree  than  the  loss  of  voluntary 
power,  so  that  in  a  short  time  the  loss  of  sensation  and  of  reflex  action 
becomes  complete,  whilst  the  animal  still  retains  considerable  voluntary 
power  and  can  jump  vigorously.  Sometimes  sensation  persists  when 
reflex  action  is  destroyed,  firm  and  repeated  pinching  exciting  voluntary 
but  no  reflex  action.  Sensation  is  lost  sooner  in  the  toes  than  in  the 
calves,  and  in  them  than  in  the  thighs,  and  sooner,  we  think,  in  the 
hind  than  in  the  fore  extremities.  Voluntary  power  then  declines  and 
at  last  ceases,  though  for  a  short  time  longer,  on  touching  the  conjunc- 
tiva»  the  eyelids  languidly  close. 

Whether  the  loss  of  reflex  action  is  due  to  paralysis  of  the  sensory  part  of 
the  cord,  or  to  paralysis  of  the  poi*tion  devoted  to  reflex  action,  our  experi- 
ments on  the  arrest  of  the  'circulation  do  not  enable  us  to  say.  As  however, 
after  ligatare  of  the  abdominal  aorta  or  of  the  femoral  vessels,  the  nerves  of 
the  extremity  long  retain  power  to  conduct  impressions  to  the  cord  and  brain, 
and  as  by  means  of  the  ligature  they  are  completely  deprived  of  fresh  blood, 
the  loss  of  sensation  after  ligature  of  the  heart  cannot  he  due  to  paralysis  of 
the  afferent  nerves,  bat  must  be  due  to  paralysis  of  the  sensory  part  of  the 
cord  or  to  the  sensory  centres  in  the  brain.  If  due  to  paraljrsis  of  the  sensory 
centres  in  the  brain,  the  loss  of  reflex  action  must  be  due  to  paralysis  of  reflex 
centres  of  the  cord. 

We  now  give  a  summary  of  our  observations  in  the  following  table: 
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Effect  of  Ligature  of  Aorta  on  Frogs  with  the  Nervous 

System  entire. 


Date. 
1876. 

Sensation  and 
reflex  action 
diminished. 

Sensation  and 

reflex  action 

destroyed. 

Voluntary 

power 
diminished. 

Yolantary 

power 
destroyed. 

Jane  21 

9  min. 

? 

9  min. 

85  min. 

Jane  22 

5  min. 

% 

5  min. 

15  min. 

June  23 

3  min. 

? 

7  min. 

27  min. 

Average 

5 '7  min. 

7  min. 

25-7  min.  or  31 

July  12 

6  min. 

11  min. 

6  min. 

25  min. 

July  12 

11  min. 

16  min. 

11  min. 

31  min. 

Awfag6 

8*5  min. 

13 '5  min. 

8-5  min. 

28  min. 

Aug.  2 

11  min. 

13  min. 

11  min. 

22  min. 

Aug.  2 

4  min. 

5  min. 

4  min. 

31  min. 

Aug.  2 

4  min. 

14  min. 

4  min. 

30  min. 

Aug.  16 

5  min. 

7  min. 

4  min. 

17  min. 

AwTQ/^ 

6  min. 

9*8  min. 

5*7  min. 

25  min. 

Sep.  9 

2  min. 

7  min. 

4  min. 

43  min. 

Sep.  9 

2  min. 

7  min. 

3  min. 

52  min. 

Sep.  9 

3  min. 

5  min. 

3  min. 

42  min. 

Sep.  12 

2  min. 

6  min. 

6  min. 

49  min. 

Sep.  12 

2  min. 

3  min. 

4  min. 

47  min. 

Sep.  14 

3  min. 

3  min. 

4  min. 

44  min. 

Averagt 

2-3  min. 

5*2  min. 

4  min. 

46  min. 

Oct  10 

2  min. 

36  min. 

Oct  21 

4  min. 

45  min. 

Oct  21 

3  min. 

20  min. 

Oct  22 

4  min. 

65  min. 

Oct  22 

3  min. 

48  min. 

Oct  23 

3  min. 

42  min. 

Average 

3*1  min. 

42-6  min. 
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From  this  table  we  extract  the  following  averages : 


Month. 

Sensation  and 
reflex  action  destroyed. 

Voluntary  power 
destroyed. 

July 
Aug. 
Sep. 

13  min. 
9  min. 
5  min. 

28  min. 
27  min. 
46  min. 

This  table  shows  very  clearly  how  much  sooner  sensation  and  reflex 
action  is  lost  than  voluntary  power.  Thus  to  take  the  month  of 
September,  we  find  on  an  average  of  six  observations  that  sensation 
and  reflex  action  were  lost  in  five  minutes,  whilst  voluntary  power 
perished  in  forty-six  minutes. 

We  were  surprised  however  to  find  in  our  October  experiments 
that  sensation  lasted  as  long  as  voluntary  power ;  thus  pinching  would 
always  excite  voluntary  movement  as  long,  or  almost  as  long,  as  any 
remained.  We  are  unable  in  these  October  experiments  to  decide  how 
long  reflex  action  continued ;  for  it  is  difficult  to  ascertain  whether  in 
a  voluntary  act  excited  by  stimulation  there  is  likewise  any  reflex 
movement.  The  phenomena  of  arrest  of  circulation  therefore  vary 
somewhat  in  October  from  preceding  months.  Thus  during  June, 
July,  August,  and  September  reflex  action  and  sensation  ceased  early, 
whilst  much  voluntary  power  persisted;  but  in  October  sensation 
lasted  much  longer,  nearly  as  long  as  any  voluntary  power.  Though 
sensation  persisted  longer  in  October  than  in  the  previous  months,  yet 
the  phenomena  occurred  in  the  same  order.  Sensation  first  disappeared 
at  the  toes,  and  whilst  pinching  these  parts  excited  neither  voluntary 
nor  reflex  action,  pinching  the  ankles  produced  voluntary  movement ; 
next  sensation  left  the  ankles  whilst  it  still  continued  higher  up,  and 
then  gradually  disappeared,  leaving  the  lower  part  of  the  leg  before 
that  nearer  the  trunk.  When  sensation  was  destroyed  in  the  feet  and 
ankles  considerable  voluntary  power  often  remained. 

How  is  this  paralysis  produced?  Conceivably  in  two  ways — by 
cerebral  "  shock,"  or  by  arrest  of  oxidation. 

Is  it  due  to  cerebral  shock  ?  We  believe  not,  for  the  following 
reasons.  The  operation  of  tying  the  aorta,  with  the  consequent  dis- 
tension of  the  heart,  would  cause,  it  might  be  thought,  sufficient  shock 
to  produce  widespread  paralysia 

To  test  whether  the  paralysis  is  due  to  cerebral  "  shock  *'  we  vai-ied 
our  experiments.    Instead  of  tying  the  bulb  of  the  aorta,  we  either 
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excised  the  heart  or  made  a  wound  into  it,  destroying  its  action.    The 
results  of  our  experiments  we  give  in  the  following  table. 

Frogs  allowed  to  bleed  to  death  by  Excision  or  a  Wound 

of  the  Heart. 


and  reflex 

Sensation 
and  reflex 

Volontaiy 

Volontaiy 

Date. 

aetion 

aotion 
destroyed. 

power  di- 

power 

began  to 

minished. 

destroyed. 

June  15 

10  min. 

55  min. 

Cord  divided  and  frog 
pegged. 

June  15 

35  min. 

y>                  jy 

Aug.  2 

6  min. 

11  min. 

6  min. 

38  min. 

Nervous  system  entire. 

Aug.  14 

2  min. 

18  min. 

Cord  divided  and  frog 
pegged. 

Sep.  9 

3  min. 

5  min. 

52  min. 

Nervous  system  entire. 

Sep.  11 

35  min. 

52  min. 

Cord  divided  and  frog 
pegged. 

S^  12 

4  min. 

6  min. 

54  min. 

Nervous  system  entire. 

It  thus  appears  that  excision,  or  a  wound  of  the  heart,  produces  the 
same  symptoms,  in  the  same  order,  and  in  much  the  same  time,  as 
ligature  of  the  aorta.  It  may  be  said,  however,  that  excision  or  a 
wound  of  the  heart  might  cause  shock  sufficient  to  produce  general  and 
complete  paralysis.  We  therefore  performed  another  experiment;  we 
opened  the  abdominal  vein  and  allowed  the  frog  to  bleed  to  death,  an 
operation  which  could  produce  very  little  if  any "  shock,"  and  yet  on 
looking  at  the  accompanying  table  it  is  seen  that  paralysis  occurred, 
the  symptoms  following  the  same  order  and  occurring  in  much  about 
the  same  time  as  with  ligature  of  the  aorta. 


Date. 

• 

Beflex 

aotion 

destroyed. 

Volontaiy 

power 
impaired. 

Voluntary 

power 
destroyed. 

Sensation 
destroyed. 

Sep.  13 

1|  min. 

1|  min. 

44  min. 

3|  min. 

Arrest  of  circulation  whilst  it  does  not  paralyse  by  ''shock/'  yet 
considerably  depresses  the  cord  through  its  influence  on  the  brain,  as 
the  following  experiments  show. 
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We  first  divided  the  cord  opposite  the  occipito-atlantal  membrane, 
and  in  some  cases  passed  a  peg  of  wood  into  the  cavity  of  the  skull, 
destroying  the  brain  and  checking  haemorrhage.  Then  we  watched 
the  animal  till  perfect  reflex  action  retamed,  and  this  if  permanently 
weakened  by  the  operation  led  to  the  rejection  of  the  animal.  After 
the  re-establishment  of  reflex  action,  we  tied  the  bulb  of  the  aorta ; 
and  the  following  table  shows  our  results. 

Cord  divided  opposite  the  Occipito-Atlantal  Membrane, 

before  Ligature  of  the  Heart. 


Beflex  action 

Beflex 

Date. 

began 

action 

to  decline. 

destroyed. 

June  15 

45  min. 

Also  p^ged. 

June  15 

60  mio. 

»         » 

August  9 

4  min. 

21  min. 

9>               f> 

August  11 

4  min. 

21  min. 

l>               » 

August  14 

3  min. 

15  min. 

»               » 

August  14 

14  min. 

Not  pegged. 

August  16 

2  min. 

12  muu 

n         II 

August  16 

2  min« 

13  min. 

w         >» 

Af>ercLg€ 

3  min. 

16  min« 

Sep.  9 

10  min. 

66  min. 

»         If 

Sep.  11 

30min.1 

54  min. 

i»           n 

Sep.  11 

17  min. 

48  min. 

>9                 II 

Sep.  12 

5  min. 

66  min. 

Pegged. 

Sep.  14 

15  min. 

70  min. 

Pegged. 

Average 

15  min. 

59  min. 

From  this  table  it  appears  that  the  arrest  of  circulation  in  the  brain 
exercises  a  strong  depressing  influence  on  the  cord.  Thus  in  August, 
in  frogs  whose  nervous  system  was  entire,  reflex  action  was  destroyed 
in  10  minutes,  whilst  it  lasted  16  minutes  in  brainless  frogs.  This 
effect  in  September  was  still  more  manifest,  for  whilst  in  entire  frogs 
reflex  action  was  lost  on  an  average  in  5  min.,  in  brainless  frogs  it  per- 
sisted on  an  average  59  min.  What  is  the  character  of  the  influence  ? 
Does  arrest  of  circulation  depress  iiie  reflex  action  of  the  cord  by  stimu- 
lation of  Setschenow*8  inhibitory  centre  ?  To  test  this  we  made  the 
following  experiments. 
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After  ligature  of  the  bulb  of  the  aorta,  when  weakness  of  reflex 
action  had  set  in,  we  divided  the  cord  opposite  the  occipito-atlantal 
membrane,  and  instead  of  restoring  reflex  action  the  operation  com- 
pletely abolished  it. 

The  direct  paralysing  effect  of  arrest  of  circulation  on  the  cord  is 
about  as  rapid  as  its  effects  on  the  brain,  as  the  following  table  shows. 


Month. 

Complete  paralysis 

in  frogs  wiUi  nerroaB 

system  entire. 

Complete  loss  of 
•  reflex  action  in 
brainless  frogs. 

July. 

August. 
September, 

28  minutes. 
27  minutes. 
46  minutes. 

16  minutes. 
59  minutes. 

How  does  arrest  of  the  circulation  paralyse  ?  The  circulation  has 
a  twofold  office :  to  convey  nutritive  matter  and  oxygen  to  the  tissues, 
and  to  remove  from  them  the  products  of  retrograde  metamorphosis. 
Does  arrest  of  the  circulation  paralyse  by  arresting  oxidation,  or  by 
allowing  the  excrementitious  substances  to  accumulate,  so  as  to  destroy 
function ;  to  allow  indeed  the  tissues  to  poison  themselves  ? 

The  arrest  of  oxidation  is  sufficient  to  explain  the  paralysis,  for  no 
functional  activity  is  possible  without  oxygen.  Now  in  arrest  of  the 
circulation  no  fresh  oxygen  is  conveyed  to  the  tissues;  hence  when 
the  oxygen  is  consimied  in  the  tissues  and  in  the  stationary  blood  no 
farther  function  is  possible. 

It  may  be  urged  perhaps  that  the  well-known  ''salt  frog"  or 
"bloodless frog''  experiment  disproves  this  conclusion.  For  the  blood 
may  be  completely  washed  out  from  the  vessels  of  a  frog  and  be 
replaced  by  a  one  per  cent,  solution  of  common  salt,  and  yet  the 
animal  may  live  several  days.  But  Oertmann*  has  shown  that  the 
solution  of  common  salt  absorbs  sufficient  oxygen  for  the  wants  of  the 
Animft.!  which  can  just  maintain  life  for  at  least  two  or  three  days. 

Does  the  accumulation  of  the  products  of  retrograde  metamorphosis 
in  the  tissues  assist  in  producing  the  paralysis  ?  Our  experiments  do 
not  enable  us  to  answer  the  question. 


PHilger*B  Arehiv,  XV.  p.  381. 
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PART  II.* 
On  the  Action  of  Chloride  of  Potassium  on  Frogs. 

We  shall  now  speak  of  chloride  of  potassium ;  but  as  all  potash 
salts  act  in  the  same  way,  the  following  remarks  are  applicable  to  them 
all. 

We  shall  show  how  closely  the  effects  of  chloride  of  potassium  cor^ 
respond  to  those  of  mechanical  arrest  of  the  circulation.  Both  produce 
the  same  ejects,  which  occur  in  the  same  order ;  in  both,  the  order  of 
the  symptoms  in  the  winter  months  varies  from  their  order  in  the 
summer  months. 

In  the  Journal  of  Anatomy  and  Physiology  for  1877,  we  showed 
that  during  the  summer  months,  chloride  of  potassium,  like  mechanical 
arrest  of  the  circulation,  at  first  weakens  both  voluntary  power,  reflex 
power,  and  sensation;  the  loss  of  sensation  and  reflex  action  rapidly 
goes  on  till  they  are  exhausted,  whilst  considerable  voluntary  power 
still  remains,  so  that  an  animal  without  sensation  and  insusceptible  of 
reflex  action,  can  still  hop  vigorously.  In  this  communication  we  shall 
not  give  the.  details  of  any  experiments  showing  the  eflfect  of  chloride  of 
potassium  during  the  summer  months,  but  shall  insert  a  table  from  our 
previous  communication  in  the  Journal  of  Anatomy  and  Physiology. 

Average  of  twelve  experiments  with  chloride  of  potassium  adminis- 
tered by  the  stomach. 


Beflex  action  and 
sensation  destroyed. 

Yolnntaij  power 
impaired. 

Yolnntary  power 
destroyed. 

4*8  minute& 

2'7  minutes. 

33  minutes. 

This  table  clearly  shows  that  during  the  summer  months  voluntary 
power  continues  for  nearly  thirty  minutes  after  complete  loss  of  sensa- 
tion, in  this  respect  corresponding  to  the  effects  of  arrest  of  the  circu- 
lation during  the  summer  months. 

*  Owing  toDrMurreirs  engagements  he  was  unable  to  assist  me  in  these  investiga- 
tions after  the  early  part  of  November.    S.  B. 
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We  now  give  the  details  of  experiments  allowing  that  the  order  of 
the  symptoms  in  October  ia  the  same  after  chloride  of  potaasium  as 
alter  arrest  of  the  circulation  ;  that  in  fact  sensation,  instead  of  being 
early  lost,  persists  as  long,  or  almost  as  long,  as  voluntary  power. 

Before  giving  the  details  of  these  experiments,  we  first  point  out  a 
few  particulars  touching  our  mode  of  proceeding.  We  employed  a  1  in  5 
solution  of  chloride  of  potassium  administer^  hypodermically.  The 
animals  after  the  poisoning  were  kept  moist  in  the  warm  laboratory, 
and  were  covered  with  a  glass  shade.  The  following  table  gives  the 
results  of  the  October  and  November  experiments. 


D»t«. 

BcDulion 
ud  reflex 

and  reflex 

VolimU(7 

Volunlaij 

WeigLt  of 

DoMin 

Propor- 

1877. 

utiondi- 

Botiun 

dcBtiojed. 

power  di- 
miniahed. 

power 
deBtroyei 

frog  in 
grunmeB. 

gr«in3. 

Uonate 

dOH. 

Oct  16 

4mm. 

23mia 

4  min. 

37  rain. 

17 

JT 

Oct  1« 

53min. 

7  min. 

CO  min. 

20 

Oct  17» 

19imn. 

12  min. 

33  min. 

11 

^ 

^ 

Oct  17 

Umin. 

5  min. 

24miD- 

14 

T 

Oct  18 

6  min. 

10  mill. 

38  min. 

m 

Oct  18 

24mia. 

4  min. 

36  min. 

28 

T 

Oct  83 

6  min. 

8miD. 

23  min. 

16 

1 

T 

Oct  23 

llmin. 

21  min. 

11  min. 

26  min. 

25 

1 

, 

Kot.    1 

3  mio. 

43  min. 

3  min. 

63  min. 

34 

1 

Nov.   2 

Imin. 

34  min. 

1  mia. 

34  min. 

25 

1 

Nov.  28 

56  min. 

66  min. 

20 

Nor.  28 

56  min. 

76  min. 

32 

: 

T 

^ 

Not.  28 

27  min. 

31  min. 

23 

* 

T- 

I 

Aemyt 

29  min. 

41  min. 

This  table  shows  that  after  the  use  of  the  same  salt,  sensation  - 
and  reflex  action  continued  much  longer  than  in  the  summer  months ; 
that  in  fact  sensation  and  reflex  action  often  continued  almost,  and  in 
some  cases  quite,  as  long  as  voluntary  power.  The  averages  of  the 
thirteen  experiments  give  the  duration  of  sensation  29  minutes,  of  vo- 
luntary power  41  minutes. 

Now,  as  we  have  seen,  the  same  phenomena  occur  in  mechanical 

arrest  of  the  circulation,  for  during  October  sensation  lasts  as  long,  or 

almost  as  long,  as  voluntary  power,  whilst,  in  the  summer  months, 

*  Potath  Mlntioa  injeeted  nndw  the  Bliin  of  the  abdomen  imtmd  ot  under  that  ot 
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sensation  is  soon  destroyed.  This  close  similarity  in  the  action  of 
chloride  of  potassium  and  mechanical  arrest  of  the  circulation,  naturally 
suggested  the  idea  that  they  might  both  operate  in  the  same  way. 

Potash  salts  are  powerful  arresters  of  the  heart's  action.  Is  their 
paralysing  action  due  to  their  stopping  the  heart's  action  ?  If  not  due 
to  their  action  on  the  heart,  do  they,  like  mechanical  arrest  of  the  cir- 
culation, act  by  preventing  oxidation  ? 

We  hope  to  prove  that  potash  salts  do  not  paralyse  simply  by 
arresting  the  heart's  action,  but  that,  having  an  affinity  for  all  nitro- 
genous tissue,  they  destroy  its  functions,  and  then,  as  in  mechanical 
an-est  of  the  circulation,  the  most  highly  organized  structures  suffer 
most  and  earliest,  so  that  the  paralytic  symptoms  will  occur  in  the  same 
order  after  mechanical  arrest  of  the  circulation  as  after  poisoning  by 
a  potash  salt. 

Of  course  it  is  not  here  maintained  that  the  arrest  of  the  heart's  action  by 
chloiide  of  potassium  docs  not  play  any  part  in  the  production  of  the  paralytic 
symptoms.  As  the  paralysis  comes  on  sooner  after  potash  than  after  ligature 
of  the  heart,  and  as,  moreover,  the  paralysis  from  potash  is  complete  whilst 
the  circulation  visible  by  the  microscope  goes  on  in  the  web  of  the  frog's 
foot,  we  only  maintain  that  the  action  of  chloride  of  potassium  on  the  heart 
is  insufficient  to  account  for  the  paralysis. 

We  shall  now  endeavour  to  show  that  potash  paralyses  the  central 
nervous  system,  the  nerves  and  the  muscles,  and  that  this  paralysis  is 
not  due  to  the  action  of  the  potash  salts  arresting  the  heart's  action. 
We  shall  treat  first  of  the  paralysis  of  the  central  nervous  system. 

Quttmann,  in  his  careful  investigations,  has  shown  that  potash  salts 
paralyse  the  central  nervous  system.  Thus,  after  complete  paralysis 
from  potash  salts,  the  motor  nerves  will  still  conduct  impressions  to  the 
muscles,  and  the  muscles  will  still  contract  on  the  direct  application  of 
galvanism,  showing  that  the  paralysis  is  due.  not  to  the  action  of  the 
potash  salt  on  the  motor  nerves  or  muscles,  but  on  the  cord. 

Our  investigations  fully  confirm  this  conclusion.  Quttmann  also 
finds  that  after  ligature  of  the  abdominal  aorta  or  of  the  femoral  ves- 
sels, before  the  administration  of  the  potash  salt,  the  posterior  protected 
limbs  become  completely  paralysed,  although  neither  their  nerves  nor 
muscles  had  been  poisoned  by  the  potash  salt,  having  been  protected 
from  the  poison  by  the  ligature  of  the  blood-vessels.  This  experiment 
shows  that  potash  salts  paralyse  the  cord,  and  that  the  loss  of  reflex 
action  is  not  due  to  paralysis  of  the  afferent  nerves,  for  these  are 
protected  in  the  hind  limbs  by  the  ligature  of  the  blood-vessels,  yet 
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irritation  of   the   skin   of  the  posterior  limbs  fails   to  excite  reflex 
action. 

The  general  paralysis,  then,  after  poisoning  by  chloride  of  potassium, 
IS  due  to  paralysis  of  the  central  nervous  system.  Now  this  paralysis 
is  not  due  to  arrest  of  the  heart  by  the  potash  salt ;  for,  as  we  have 
elsewhere  shown,  the  paralysis  from  chloride  of  potassium  becomes  com- 
plete much  sooner  than  after  arrest  of  the  circulation  by  ligature  of  the 
heart ;  moreover,  when  the  potash  paraly9is  is  complete,  the  circulation 
is  still  visible  in  the  web  of  the  frog's  foot  [Journal  of  Anatomy  and 
Ihysiology,  1877).  Chloride  of  potassium,  therefore,  has  a  direct  para- 
lysing action  on  the  central  nervous  system. 

We  shall  next  treat  of  the  action  of  chloride  of  potassium  on  the 
muscles,  to  show  that,  as  in  the  case  of  the  nervous  centres,  it  para- 
lyses the  muscles  directly,  and  not  indirectly  by  stopping  the  heart ; 
for  muscular  irritability  ceases  far  sooner  after  poisoning  by  chloride 
of  potassium  than  after  arrest  of  the  circulation  by  ligature  or  excision 
of  the  heart. 

In  the  Journal  of  Anatomy  and  Physiology  for  1877,  we  showed 
that  the  topical. application  of  a  solution  of  chloride  of  potassium  im- 
mediately suspends  sensation  in  the  skin  of  the  immersed  leg.  Thus, 
pinching  any  part  of  a  leg  after  thirty  seconds  immersion,  or  a  little 
longer,  excites  neither  voluntary  nor  reflex  action ;  soon  the  immersed 
leg  grows  feeble,  and  quickly  becomes  completely  paralysed,  whilst  the 
general  power  of  the  animal  is  very  little  affected.  In  many  instances, 
if  chloride  of  potassium  has  not  been  too  freely  absorbed,  the  animal 
completely  recovers,  proving  that  the  potash  has  simply  suspended,  not 
destroyed  fimfction.  If  when  the  immersed  leg  has  become  completely 
paralysed,  the  muscles  are  laid  bare,  it  is  found  that  they  do  not  con- 
tract, or  scarcely  contract,  on  the  application  of  a  strong  faradaic  cur- 
rent, evidencing  the  absorption  of  chloride  of  potassium,  and  that  its 
topical  action  has  suspended  the  contractility  of  the  muscle.  The 
poisonous  effect  of  chloride  of  potassium  on  muscle  is  also  shown  when 
a  solution  (1  in  5)  is  injected  under  the  skin,  when  the  muscles  with 
which  it  comes  in  contact  become  at  once  completely  paralysed,  and 
after  death,  on  removing  the  skin,  the  muscles  will  not  contract  on  the 
direct  application  of  a  strong  faradaic  current.  The  solution  easily  dif- 
fuses itself  through  the  loose  connective  tissue,  and  thus  the  paralysing 
effects  spread  widely. 

Now  this  topical  effect  cannot  result  from  the  action  of  the  potash 
on  the  heart,  for  during  the  partial  paralysis  it  beats  well ;  moreover*, 

6— ^ 
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it  need  scarcely  l>e  added,  weve  the  paralysis  due  to  arrest  of  the  heart, 
the  paralysis  should  have  heen  general.  Thus  chloride  of  potassium 
appears  to  be  a  muscle-poisoD. 

We  then  performed  numerous  other  experiments  to  strengthen  our 
conclusion  that  chloride  of  potassium  is  a  muscle-poison. 

We  performed  two  sets  of  experiments,  one  on  irogs  with  the  ner- 
vous system  intact,  the  other  on  hrainless  frogs.  We  tied  a  ligature 
very  tightly  round  the  thigh  of  the  left  leg  close  to  the  trunk,  to  pre- 
vent the  poison  penetrating  to  that  limh  through  either  the  circulation 
or  by  means  of  dififuaion  into  the  tissues,  and  then  poisoned  the  animal 
by  injecting  the  solution  (1  in  S)  into  the  left  axilla.  We  then  noted 
when  complete  paralysis  ensued,  and  how  long  muscular  irritability 
continued  in  both  lower  legs.  The  results  are  given  in  the  following 
table: 


Chhride  of  Potaseiwn  Solution  1  in  6. 

Table  showing  the  Duration  of  Muscular  Irritability  in  Poi- 
soned and  Non-Poisoned  L«g8  of  Frogs.  Solution  injected 
into  Left  Axilla, 


Dntf) 
1877. 

Dow  in 
gnins. 

Wdghtd 
Irogin 

ate  dose. 

Vtm\jA» 

HaMDlar 

irritability  in 
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If  the  ligature  is  not  applied  tight  enough  to  cut  quite  through  the 
muscles,  it  does  not  appear  to  afford  complete  protection  i^fainst  the 
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salt,  which  either  poisoas  the  ligatured  limb  by  its  passage  through  the 
blood-vessels  vith  the  blood  or  bj  diffusion  through  tbe  tissues.  For 
the  most  part,  though  not  always,  we  tightened  the  ligature  so  as  to 
cut  nearly  down  to  the  bone;  and  the  occasional  omission  will,  we 
believe,  to  some  extent  explain  the  rather  variable  results.  We  extract 
the  averages  from  this  Table : 


Average  duration  of  muscular  irritability  in  tbe 

poisoned  unligatured  leg  of  brainless  &<^ 24  hours. 

Average  duration  of  muscular  irritability  iu  the 

non-poisoned  ligatured  leg 49  hours. 

This  table  shows  that  muscular  irritability  persists  many  hours 
longer,  indeed  twice  as  long,  in  unpoisoned  than  in  poisoned  muscles. 

We  then  varied  our  experiments.  We  ligatured  the  left  thigh  of  a 
brainless  frog  in  two  places  close  to  the  trunk,  amputated  the  1^ 
between  the  ligatures,  and  then  injected  the  poison  into  the  left  axilla. 
The  results  are  given  in  the  following  Table;  and  it  will  at  once  be 
evident  how  closely  these  experiments  agree  with  the  figures  in  the 
previous  Table. 

Cfdoride  of  Potasnum  Solution  1  in  6. 

Table  showing  the  comparative  Duration  of  Muscular  Irritability 
in  the  Unpoisoned  Amputated  Leg  and  the  Poisoned  Un- 
amputated  Leg  in  the  Frog. 
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Nov.  24 
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45  min. 

40  houifl 
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52  min. 

2S'5  hours 

47  hours 

excluding 

*  Weight  without  the  non.polBoned  unpntkted  leg. 
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Thus  the  average  muscular  irritability  lasted  in  the 

poisoned  limb 255  hours. 

In  the  amputated  unpoisoned  leg 47    hours. 

Thus  observations  on  the  duration  of  muscular  irritability  of  the 
frog  s  calf,  even  when  the  injection  was  made  in  the  axilla,  and  there- 
fore at  a  distance  from  the  tested  part,  prove  the  poisonous  action  of 
chloride  of  potassium  on  muscle. 

In  the  previous  experiments  we  tested  the  electric  irritability  in  the 
gastrocnemius  and  other  muscles  of  the  lower  leg.  But  in  one  experi- 
ment we  found  that  after  poisoning  with  chloride  of  potassium,  the 
muscular  irritability  declined  much  sooner  in  the  thigh  than  in  the 
lower  leg,  and  far  sooner  in  the  thigh  of  the  frog  when  the  injection  was 
administered  under  the  skin  of  the  back,  than  when  injected  in  the 
axilla.  We  always  observed  that  the  muscles  close  by  the  place  of 
injection  became  first  affected,  those  at  the  greatest  distance  being  last 
paralysed.  This  suggests  strongly  the  idea  that  the  poison  spreads  by 
imbibition  and  difiusion  through  the  tissues  and  not  through  the  circu- 
lation. Being  a  powerful  heart-poison,  the  heart  is  soon  weakened  or 
arrested,  so  that  but  little  potash  is  distributed  through  the  body  by 
the  circulation.  For  were  the  poison  carried  by  the  circulation,  then 
all  parts  would  become  simultaneously  paralysed,  whilst  if  it  spread 
by  imbibition,  the  parts  adjacent  to  the  injection  would  be  the  first 
to  suffer,  while  distant  parts  would  become  affected  last,  the  very 
order  of  the  phenomena  observed  after  poisoning  by  this  salt.  It  is 
evident,  therefore,  that  the  muscles  of  the  lower  leg  lying  some  distance 
from  the  axilla  are  not  the  best  adapted  to  test  the  influence  of  potash 
salts.  Moreover,  the  scanty  tissues  around  the  knee  are  ill  adapted  to 
allow  the  penetration  of  the  potash,  the  connective  tissue  being  dense, 
binds  the  skin  close  to  the  bone,  impeding  the  diffusion  of  the  chloride 
to  the  muscles  of  the  lower  leg. 

We  next  performed  a  different  series  of  comparative  experiments. 
We  injected  the  solution  into  the  left  axilla  of  frogs,  and  then  ascer- 
tained when  muscular  irritability  ceased  in  the  anterior  limbs,  in  the 
thighs,  and  in  the  lower  legs.  At  the  same  time  we  made  a  compara- 
tive test-experiment  to  ascertain  how  long  muscular  irritability  endures 
in  the  muscles  of  unpoisoned  frogs,  whose  circulation  had  been  arrested 
by  extirpation  of  the  heart. 

The  results  are  given  in  the  following  table  : 
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The  mnscular  irrit&bility,  it  may  be  observed,  declined  with  QDiunal 
ifiidi^  in  the  experiinenta  of  Nov.  29.  The  fonr  feo^  in  question  were 
iken  frmn  the  same  batch,  had  been  kept  in  the  same  conditions,  <tnd  after 
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the  experiment  were  all  laid  side  by  side  and  treated  in  all  respects  in  the 
same  way;  hence  we  look  upon  this  series  of  experiments  as  trustworthy. 
The  room  became  very  warm,  which  probably  helped  to  destroy  muscular 
irritability.  In  the  experiments  of  other  dates  we  took  care  to  keep  the 
window  open  and  the  room  cool. 

These  experiments,  like  the  foregoing,  show  that  after  poisoning 
with  chloride  of  potassium,  the  muscular  irritability  ceases  sooner  than 
in  frogs  with  arrest  of  circulation  from  excision  of  the  heart. 

Thus  with  the  potash  the  muscular  irritability  ceased  on  an  average 

in  the  thigh  in  6  hours, 
in  the  calf  in  8'5  hours ; 

whilst  in  non-poisoned  frogs,  with  extirpated  heart,  the  muscular 
irritability  ceased 

in  the  thigh  in  28*6  hours, 

in  the  calf  in  32*6  hours. 

We  now  give  the  geaieral  results  of  the  foregoing  series  of  ex- 
periments. 

Muscular  irritability  ceased  in  a  poisoned  unamputated 

leg  in 25*5  hours. 

In  the  amputated  unpoisoned  leg  in 47 

Muscular  irritability  ceased  in  a  poisoned  lower  leg  in  24 

In  ligatured  unpoisoned  leg  in 49 

These  tables  clearly  show  that  chloride  of  potassium  does  not  para- 
lyse the  muscles  simply  by  stopping  the  heart's  action,  but  that  it  is  a 
direct  poison  to  the  muscles. 

Not  only  is  chloride  of  potassium  a  muscle-poison,  but  it  is  also  a 
direct  poison  to  the  motor  nerves,  and  does  not  simply  aflfect  these 
nerves  indirectly  by  arresting  the  circulation,  as  we  shall  now  proceed 
to  show. 

In  the  previous  experiments  with  chloride  of  potassium  we  noticed 
that  the  sciatic  nerve  ceased  to  conduct  impressions,  whilst  the  calf- 
muscles  still  responded  strongly  on  the  direct  application  of  galvanism ; 
whilst  in  the  case  of  another  unpoisoned  frog  which  was  pithed  and 
pegged  and  its  heart  cut  out  at  the  time  whilst  the  other  frog  was 
being  poisoned,  the  sciatic  still  conducted  freely.  But  we  thought  it 
better  to  make  a  few  special  comparative  experiments  to  settle  this 
point,  and  the  results  are  shown  in  the  following  Table. 

Two  frogs  were  pithed  and  pegged  and  their  hearts  excised.  At 
the  same  time  two  other  frogs  were  poisoned  by  injecting  the  chloride 
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of  potassium  solution  under  the  skin  of  the  back.  We  then  tested 
three  times  daily  the  sciatic  nerve  of  each  frog,  first  through  the  skin, 
and  when  the  nerve  failed  to  conduct,  we  laid  it  bare,  and  again  tested 
it  by  direct  application  of  the  electrodes. 
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These  experiments  clearly  show  that  chloride  of  potassium  is  a 
powerful  paralyser  of  motor  nerve-fibres ;  for  whilst  the  sciatic  nerve  of 
a  frog  poisoned  with  this  salt  ceased  to  conduct,  even  under  strong 
galvanic  stimulation,  in  4  and  3  hours  respectively,  the  sciatic  nerve 
of  a  frog  pithed  and  pegged,  with  its  circulation  arrested  by  extirpa- 
tion of  the  heart,  conducted  for  38  and  52  hours  respectively. 

This  Table  also  cod  firms  our  conclusion  that  this  salt  is  a  muscle-poison, 
for  in  the  poisoned  frogs  muscular  irritability  ceased  in  the  thighs  seven  and 
three  hours  respectively,  whilst  in  the  unpoisoned  frogs  in  each  instance  it 
persisted  64  hours. 

Chloride  of  potassium  is  also  a  paralyser  of  sensory  nerves. 

We  have  elsewhere  shown  that  the  chloride  paralyses  also  the 
afferent  nerves,  for  its  topical  application  suspends  or  abolishes  sensa- 
tion, and  if  it  can  act  thus,  A  fortiori  it  can  operate  when  carried  to 
the  nerve  by  the  blood,  but  being  in  a  more  dilute  and  weaker  state, 
its  effects  will  be  less  obvious. 

How  do  potash  salts  paralyse  the  heart  ?  In  the  same  manner  as  they 
paralyse  the  other  structures,  by  an  affinity  for  all  the  nitrogenous  tissues. 
The  more  highly  endowed  nervous  ganglia  are  the  first  to  sufier,  hence  small 
doses  will  arrest  the  heart  whilst  the  muscular  tissue  will  still  respond  to 
galvanic  stimulation ;  but  if  into  the  jugular  vein  a  large  quantity  of  potash 
salt  is  at  once  introduced,  it  wiU  destroy  not  only  the  functions  of  the  nervous 
structures,  but  also  muscular  contractility.  Thus  Guttmann  found  that  the 
injection  of  small  doses  into  the  jugular  vein  of  warm-blooded  animals 
paralyses  through  the  nervous  system;  whilst Traube  found  that  the  injection 
of  a  large  dose  paralyses  also  the  muscular  tissue  so  that  it  failed  to  contract 
on  the  application  of  galvanism.  These  experiments  strongly  support  the 
views  we  have  advanced. 

If  it  seems  strange  that  chloride  of  potassium  produces  such  profound 
effects  on  frogs  whilst  it  appears  so  harmless  a  drug  for  man,  we  need  merely 
point  out  that  our  frogs  were  given  a  quantity  proportionate  to  from  3  to  9  oz. 
for  a  man  weighing  150  lbs.,  and  so  large  a  dose  thrown  at  once  into  the 
cii*culation  would  doubtless  profoundly  affect  the  chemical  condition  of  the 
blood  and  the  functional  activity  of  the  organs. 

We  have  shown  that  chloride  of  potassium  paralyses  the  nervous 
centres,  the  nerves,  and  the  muscles;  the  cord  and  brain  suffering 
first,  then  the  nerves,  and  lastly  the  muscles.  This  paralysis  is  con- 
ceivably producible  in  three  ways,  (1)  By  arresting  the  circulation, 
(2)  by  checking  oxidation,  (3)  by  the  direct  action  of  the  potash  on  the 
tissues.  Now  though  potash  is  a  powerful  heart-poison,  still  it  does 
not  act  entirely  by  stopping  the  heart,  for  the  paralysis  ensues  more 
rapidly  after  poisoning  with  potash  than  after  arrest  of  the  circulation, 
either  by  ligature  of  the  aorta  or  by  extirpation  of  the  heart. 
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Does  the  potash  act  by  preventing  oxidation,  or  by  its  direct  action 
on  the  tissues?  If  by  arresting  oxidation,  it  is  easy  to  understand 
that  potash  will  then  paralyse  sooner  than  mechanical  arrest  of  the 
circulation ;  for  some  oxygen  remains  in  the  blood,  on  which  the  tissues 
can  draw  for  a  time,  whilst  after  poisoning  by  chloride  of  potassium 
this  appropriation  of  the  oxygen  may  be  at  once  prevented.  These 
experiments  do  not  enable  us  to  decide  this  question,  though  we  think 
it  probable  that  this  salt  acts  on  the  nitrogenous  tissues,  altering  their 
chemical  nature,  and  so  destroying  or  arresting  their  function. 

This  salt  then  has  a  marked  affinity  for  all  nitrogenous  tissues; 
does  it  manifest  an  especial  action  on  some  ?  We  conclude  that  it  has 
an  equal  affinity  for  all  nitrogenous  tissues,  and  for  this  reason :  in 
mechanical  arrest  of  the  circulation  we  find  the  tissues  become  para- 
lysed in  the  same  order  as  after  poisoning  by  chloride  of  potassium. 
After  arrest  of  the  circulation  the  tissues  become  paralysed  in  the  order 
of  their  vital  endowments;  those  most  highly  endowed  succumbing 
first,  and  those  least  endowed  last.  Now  if  potash  has  an  equal  action 
on  all  nitrogenous  tissues,  we  should  expect  it  to  act  in  this  very  order. 
The  most  highly  endowed  tissues  would  suffer  first  and  most  readily,  the 
less  highly  endowed  the  least  and  last.  Now  this  is  the  actual  order 
in  which  potash  affects  the  different  structures,  and  therefore  we 
venture  to  conclude  that  potash  is  a  simple  poison  to  all  nitrogenous 
tissues,  having  the  same  affinity  for  all. 

The  order  of  the  onset  of  the  symptoms  after  potash  poisoning  de- 
pends of  course  on  the  order  in  which  individual  parts  of  the  nervous 
system  are  affected.  Sensation  and  reflex  action,  as  we  have  seen,  are 
in  the  summer  months  much  earlier  affected  than  voluntary  power. 
Are  we  to  conclude,  therefore,  that  potash  paralyses  the  sensory  and 
the  reflex  before  the  voluntary  centres  ? 

We  have  pointed  out  that  these  symptoms  in  summer  come  on  in 
the  same  order  from  mechanical  arrest  of  the  circulation,  and  that  the 
tissues  afterwards  suffer  in  proportion  to  their  physiological  endow- 
ments. We  have  seen  also  that  potash  affects  all  nitrogenous  tissues, 
those  most  highly  endowed  being  the  first  to  suffer.  We  might  per- 
haps, therefore,  bo  inclined  to  conclude  that  the  reflex  and  sensory 
centres  are  more  highly  endowed  than  the  voluntary  centres,  and  that 
this  difference  might  account  for  the  order  of  the  symptoms  both  after 
potash  poisoning  and  mechanical  arrest  of  the  circulation. 

In  the  section  treating  of  mechanical  arrest  of  the  circulation,  we 
showed  that  the  early  depression  of  the  reflex  function  which  occurs  in 
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the  summer  months  is  due  to  the  effect  of  arrest  of  circulation  on  the 
brain ;  thus,  on  tying  the  aorta  after  division  of  the  cord,  reflex  action 
continues  much  longer  than  in  a  frog  with  undivided  spinal  cord. 
We  concluded  that  mechanical  arrest  of  the  circulation,  through  its 
influence  on  the  brain,  induces  early  loss  of  reflex  action,  and  that 
we  cannot  assume  that  the  reflex  portion  of  the  cord  is  more  highly 
endowed  than  the  brain,  and  therefore  perishes  sooner  than  the  brain 
from  mechanical  arrest  of  the  circulation.  We  suggest  that,  in  the 
summer  months,  the  early  extinction  of  reflex  action  by  chloride  of 
potassium  is  not  due  to  the  direct  paralysing  effect  of  this  salt  on  the 
reflex  centres  before  the  brain,  but  depends  on  the  action  of  the  salt 
on  the  heart  arresting  the  circulation. 

We  now  give  a  summary  of  the  conclusions  arrived  at  in  this  section 
on  the  action  of  Chloride  of  Potassium : 

1.  It  paralyses  all  nitrogenous  tissues. 

2.  It  acts  by  an  equal  affinity  for  all  protoplasm ;  and  it  destroys 
the  tissues  in  the  order  of  their  vital  endowments. 

3.  It  arrests  the  heart,  owing  to  its  common  action  on  all  proto- 
plasm, not  from  a  special  action  on  that  organ. 

4.  Arrest  of  the  circulation,  itself  a  paralysing  influence,  must  in 
some  degree  assist  the  direct  action  of  the  potash  on  the  tissues. 

5.  By  arresting  the  circulation,  potash,  probably  at  an  early  stage, 
depresses  the  reflex  function  of  the  cord,  in  the  summer  months,  in* 
directly  through  arrest  of  the  circulation  in  the  brain. 


PART  III. 

Expenments  to  show  how  Chloride  of  Potassium  spreads  through  tfie 

tissue, 

BY  SIDNEY  RINGER. 

In  the  previous  part  of  this  paper  reasons  have  already  been  adduced 
suggesting  the  idea  that  this  salt  (and  other  potash  salts)  spreads  by 
imbibition  or  diffusion  and  not  through  the  agency  of  the  circulation. 
The  potash  probably  quickly  arrests  the  heart  and  prevents  the  passage 
of  the  potash  through  the  blood-vessels ;  for  were  the  potash  conveyed 
through  the  circulation,  all  parts  of  the  animal  should  be  equally  and 
simultaneously  affected.  Now  the  parts  nearest  the  seat  of  injection 
become  first  affected  and  the  most  distant  partB  last.    I  therefore  per- 
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formed  the  following  experiments  to  elucidate  this  question.  I  pithed 
(divided  the  cord  opposite  the  occipito-atlantoid  membrane)  and  pegged 
some  frogs  and  extirpated  their  hearts,  thus  completely  arresting  the 
circulation,  and  then  injected  some  of  the  potash  solution,  in  two  in- 
stances into  the  axilla,  and  in  a  third  under  the  skin  of  the  back,  and 
then  tested  all  the  limbs  to  ascertain  how  soon  the  muscular  irrita- 
bility ceased.  At  the  same  time  I  performed  three  comparative  test 
experiments,  pithing,  pegging,  and  extirpating  the  heart,  but  without 
poisoning  by  potash.  These  frogs  I  also  tested  to  ascertain  if  the 
muscles  of  the  unpoisoned  animal  retained  their  irritability  longer  than 
the  poisoned  frogs. 

Table  showing  Comparative  Duration  of  Muscular  Irritability 
in  the  Frog  pithed  and  pegged,  and  with  the  Heart  cut  out. 


Date. 

Paralysifi  com- 
plete. 

Paralysis  complete 

in  both  anterior 

limbs. 

Paralysis  complete 
in  both  thighs. 

Paralysis  complete 
in  both  lower  legs. 

Dec.  3 
Dec.  3 
Dec.  4 

95  min. 
90  min. 
63  min. 

Average 

34  hours 
57  hours 

76  hours 
50  hours 
60  hours 

88  hours 
76  hours 
60  hours 

45  lioura 

62  hours 

74  hours 

The  foregoing  table  shows  that  in  frogs  poisoned  with  chloride  of  po- 
tassium the  muscles  lose  their  irritability  much  sooner  than  unpoisoned 
animals,  a  fact  well  exemplified  in  these  figures,  extracted  from  the 
preceding  table: 


Muscular  irrita- 
bility ceased  in 
the    


Anterior  extremities. 

Poisoned    Unpoison- 
frog.  ed  frog. 


21  hours 


Thighs. 


Poisoned. 


Un. 
poisoned. 


liower  legs. 


Poisoned. 


Un- 
poisoned. 


45  hours  24  hours 


62  hours  41  hours  74  hours 


These  figures  themselves  are  sufficient  to  show  that  chloride  of  po- 
tassium can  diffuse  itself  and  paralyse  the  muscles  without  passing 
through  the  circulation,  for  in  these  experiments  the  heart  being  ex- 
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tirpated  and  the  circulation  therefore  completely  abolished,  yet  the 
muscles  become  much  sooner  paralysed  than  the  muscles  of  frogs  sub- 
jected to  mechanical  arrest  of  the  circulation  without  poisoning. 

The  order  in  which  the  paralysis  occurred  in  these  poisoned  frogs 
proves  the  same  thing.  Thus  in  the  first  experiment  the  injection  was 
made  into  the  right  axilla,  and  the  right  anterior  extremity  became 
paralysed  in  2  hours  and  the  left  in  42,  and  whilst  the  right  thigh 
became  paralysed  in  8  hours  the  left  required  40.  In  the  right  calf  too 
paralysis  set  in  in  12  hours,  whilst  the  left  required  62.  That  is  to  say, 
the  tissues  on  the  side  of  the  injection  became  paralysed  much  sooner 
than  the  tissues  on  the  opposite  side  of  the  body.  This  is  what  we 
should  have  expected,  since  in  these  frogs  from  which  the  heart  had 
been  previously  removed,  the  solution  must  spread  by  diflfusion.  Now 
these  frogs  were  pithed — that  is,  the  cord  was  divided  opposite  the 
occipito-atlantoid  membrane — and  the  front  of  the  chest  was  opened  to 
reach  the  heart.  These  operations  had  so  divided  the  skin  and  the 
subjacent  connective  tissue,  that  but  little  was  left  for  the  potash  to 
soak  through,  hence  the  anterior  limb  opposite  the  seat  of  injection 
took  many  hours  before  it  became  paralysed. 

It  must,  I  think,  be  admitted  that  this  salt  and  probably  other  salts 
can  freely  travel  by  imbibition  and  so  produce  their  effects  at  a  distance. 
Mere  ligature  of  the  vessels  is  clearly  not  sufficient  to  protect  a  limb 
from  the  poison.  Hence  all  the  experiments  conducted  in  this  way 
are  untrustworthy,  including  those  of  Guttmann  referred  to  in  this 
paper.  But  whilst  Outtmann's  experiments  performed  in  this  manner 
are  fallacious,  still  his  conclusions  are  correct,  for  other  reasons  which 
are  detailed  in  this  paper. 

We  have,  I  think,  in  the  foregoing  experiments  an  explanation  of 
the  slow  paralysis  of  muscle  induced  by  potash.  It  may  be  fairly  said, 
if  potash  is  poisonous  to  muscle  it  should  at  once  manifest  its  effects, 
and  speedily  reach  its  culminating  poini  The  explanation  of  its  slow 
action  is,  I  believe,  not  difficult.  Being  a  powerful  poison  both  of  nerve 
and  muscle  tissue,  when  absorption  takes  place  and  the  potash  salt 
reaches  the  heart,  this  organ  becomes  paralysed,  and  thus  the  passage 
of  the  salt  through  the  circulation  is  prevented.  It  then  spreads  slowly 
by  diffusion  through  the  tissues,  and  thus  by  degrees  very  tardily  poisons 
them.  The  effects  of  other  nerve-  and  muscle-poisons  are  doubtless  thus 
modified,  and  the  rate  of  paralysis  will  depend  not  only  on  their  poison- 
ous action,  but  likewise  on  their  diffusibility  and  the  distance  the  nerves 
and  muscles  are  situated  from  the  point  of  subcutaneous  injection. 


ON  THE  PHYSIOLOGY  OF  THE  SALIVARY  SECRE- 
TION.  By  J.  N.  LANGLEY,  B.A.,  Fdlow  of  Trinity  College, 
Cambridge, 

Part  I.  The  Influence  of  the  Chorda  Tympani  and  Sympathetic 
Nerves  upon  the  Secretion  of  the  Sub-maxillary  Gland  of  the 
Cat.* 

In  the  many  papers  by  Lud  wig,  Eckhard,  Claude  Bernard,  Heiden- 
hain  and  other  physiologists  on  the  salivary  secretion,  I  have  been  unable 
to  find  any  observations  to  show  that  the  phenomena  of  secretion  in  the 
cat  differ  in  any  ei^ential  points  from  the  phenomena  of  secretion  in 
the  dog,  and  it  is  I  believe  usually  considered  that  the  various  facts 
which  have  been  established  with  regard  to  the  action  of  the  secretory 
nerves  on  the  submaxillary  gland  of  the  dog  hold  also  for  the  submax- 
illary gland  of  the  cat,  with  such  slight  modification  as  a  less  develop- 
ment of  mucous  cells  in  the  latter  case  necessarily  suggest.  There  are 
however  some  remarkable  points  of  difference  which  can  hardly  be  left 
out  of  consideration  in  attempting  to  form  a  thorough  conception  of 
the  phenomena  of  the  secretion  of  saliva.  To  these  points  especially  I 
wish  in  the  following  paper  to  draw  attention. 

In  the  dog,  as  is  well  known,  the  saliva  normally  obtained  by  stimu- 
lation of  the  sympathetic  nerve  is  extremely  viscid,  containing  much 
mucin,  whilst  that  obtained  by  stimulation  of  the  chorda-tympani  is 
more  or  less  watery,  containing  a  much  less  quantity  of  mucin.  In 
the  cat,  however,  the  sympathetic  saliva  is  less  viscid  than 
the  chorda  saliva.  The  normal  state  of  things  then  in  the  cat  is  the 
opposite  of  the  normal  state  of  things  in  the  dog.  It  is  to  be  observed 
that  both  the  sympathetic  and  chorda  secretions  in  the  cat  are  watery ; 
the  viscid  chorda  secretion  here  is  not  comparable  to  the  viscid  sympa- 
thetic secretion  in  the  dog:  the  saliva  in  dropping  from  the  cannula 
cannot  in  the  former  case  (normally)  be  drawn  out  into  a  long  thread 
as  it  can  in  the  latter ;  but  although  the  chorda  secretion  in  the  cat  is 
comparatively  watery,  nevertheless  it  is,  though  in  some  cases  much 

*  The  experiments  leading  to  this  paper  were  commenced  and  chiefly  carried  out  in 
the  Physiological  Laboratory  in  Heidelberg,  and  hence  it  has,  together  with  a  short  notice 
appearing  also  in  this  Journal,  entitled  *  Borne  remarks  on  the  Formation  of  Ferment  in 
the  Sab-maxillary  Gland  of  the  Babbit,*  been  also  published  in  G^erman  in  the  Unter- 
tuehungen  dei  Phytiologiichen  InstittU  xu  Heidelberg^  Bd.  i.  Hf.  it.  1878.  I  wish  to  take 
this  opportunity  of  expressing  my  thanks  to  Professor  Efihne  for  his  very  great  kindness 
and  consideration  shown  towards  me  during  my  work  in  his  laboratory. 
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less  markedly  than  in  others,  always  more  viscid  than  the  sympathetic, 
which  is  extremely  watery,  containing  a  very  small  quantity  of  mucin. 
Thus  the  diflference  in  the  two  animals  mainly  concerns  the  sympathetic 
secretion ;  in  the  one  it  is  distinctly  viscid,  in  the  other  it  is  distinctly 
watery.  This  remains  true  whether  the  sympathetic  trunk  in  the  neck, 
or  whether  the  filaments  proceeding  from  the  superior  cervical  ganglion 
along  the  branches  of  the  carotid  artery  towards  the  gland  be  stimu- 
lated. It  was  shown  byHeidenhain*  that  if  the  sympathetic  nerve 
in  the  dog  be  excited  for  many  hours  the  saliva  becomes  eventually 
watery;  but  this  does  not  do  away  with  the  difference  above  indica- 
ted in  the  normal  condition,  since  it  is  not  upheld  that  the  sympathetic 
saliva  in  the  dog  is  normally  watery,  or  that,  when  by  protracted  nerve- 
stimulation  it  becomes  so,  it  is  more  watery  than  the  chorda  saliva. 

Another  feature  in  the  behaviour  of  the  chorda  and  sympathetic 
nerves  pointed  out  byHeidenhain-f*  has  been  considered  to  indicate 
some  fundamental  difference  in  the  structure  or  relationship  of  these 
nerves  to  the  salivary  cell.  A  very  small  dose,  10  to  15  mgrs.  of  atro- 
pin  sulphate,  he  showed,  completely  paralysed  the  chorda,  whilst  a  very 
large  dose  did  not  destroy  the  secretory  activity  of  the  sympathetic. 
This  has  been  often  confirmed,  and  there  can  be  no  doubt  that  there  is 
a  marked  difference  in  the  behaviour  of  the  two  nerves  to  the  poison, 
although  the  experiments  I  have  made  on  the  subject  lead  me  to  believe 
that  the  difference  is  one  of  amount  and  not  of  kind.  However  this 
may  be  (and  it  is  a  point  to  which  I  hope  later  to  return)  some  striking 
difference  does  exist;  15  mgrs.  of  atropin  injected  into  the  crural  vein  of 
a  dog  will  paralyse  the  chorda,  whilst  100  mgrs.  injected  in  like  manner 
will  not  paralyse  the  sympathetic.  In  the  cat,  however,  atropin 
readily  paralyses  the  sympathetic  secretion  as  well  as  that 
of  the  chorda. 

To  produce  the  effect  on  the  chorda  a  very  small  amount  is  required, 
usually  about  3  to  6  mgrs.  injected  into  a  vein;  with  regard  to  the 
sympathetic  it  appears  to  me  that  a  somewhat  larger  quantity  is  neces* 
sary  to  prevent  the  sympathetic  from  producing  a  flow  of  saliva  when 
stimulated  above  the  superior  cervical  ganglion  than  to  prevent  a  flow 
under  similar  circumstances  from  the  sympathetic  trunk  when  stimula- 
ted below  the  ganglion.  In  one  experiment  for  instance,  after  10  mgrs. 
of  atropin  had  been  injected,  the  sympathetic  tnmk  in  the  neck  no 
longer  could  be  made  to  cause  a  secretion,  whilst  a  secretion  could  still 

♦  StudUna,  d.  Physiol  Inst,  zu  Breslau,  Hf.  iv.  1861.         t  PfiVign's  Archtv,  Bd.  v. 
PH.    I.  7 
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be  obtained  from  the  filaments  proceeding  from  the  superior  cervical 
ganglion ;  and  this  continued  to  be  the  case,  with  a  diminishing  amount 
of  flow,  until  25  mgrs.  had  been  injected ;  then  all  nerve-stimulation 
was  fruitless.  I  do  not  wish  to  lay  stress  upon  this  difference  now,  but 
upon  the  fact  that  10  to  30  mgrs.  of  atropin  paralyse  the  sympathetic 
as  well  as  the  chorda. 

I  may  point  out  that  this  fact  removes  a  certain  amount  of  force 
from  a  deduction  made  from  the  behaviour  of  the  nerves  in  the  dog,  the 
deduction  namely  that  atropin  attacked  some  part  of  the  chorda  fibres, 
probably  their  termination,  but  left  the  salivary  cells  untouched  (since 
the  cells  could  be  still  set  in  action  by  the  sympathetic) ;  but  in  the  cat 
evidently  such  a  deduction  is,  solely  considering  the  facts  there  ob- 
served, not  justified,  its  justification  proceeding  only  from  analogy  in  the 
case  of  the  dog;  and  if  in  the  dog  it  turns  out,  as  I  imagine  will  be  the 
case,  that  the  question  is  simply  one  of  amount,  all  positive  proof  that 
atropin  does  not  attack  the  salivary  cells  as  well  as.  the  nerve-endings  is 
gone,  and  further  experiments  must  be  devised  to  find  out  whether  the 
poison  acts  solely  on  nerve-endings,  on  chorda  nerve-fibre  endings  more 
readily  than  on  sympathetic  nerve-fibre  endings,  owing  to  some  differ- 
ence in  the  structure  of  those  parts,  or  in  addition  on  the  salivary  cells, 
just  as  it  is  probable  that  in  the  heart*  atropin  acts  not  only  on  the 
nervous  but  also  on  the  muscular  tissue. 

The  effects  of  simultaneous  stimulation  of  the  two  secretory  ner\'es 
in  the  submaxillary  gland  of  the  dog  have  not  received  a  very  large 
amount  of  attention.  Czermak-f  came  to  the  conclusion  that  the  sym- 
pathetic was  an  inhibitory  nerve  for  the  chorda,  and  this  view  was 
modified  and  extended  by  Kuhne|,  who  described  the  two  nerves  as 
being  mutually  antagonistic,  so  that  no  secretion  would  result  if  the 
chorda  and  sympathetic  were  simultaneously  stimulated  with  electrical 
currents  which  would  alone  respectively  just  cause  a  secretion. 

Assuming  that  KUhne's  view  is  correct,  we  find  again  that  the 
effects  in  the  cat  are  the  opposite  of  those  in  the  dog.  In  the  cat 
minimal  effective  stimuli,  when  applied  simultaneously  to 
the  chorda  and  sympathetic  nerves,  are  not  antagonistic  as 
regards  secretion;  on  the  contrary  the  amount  of  secretion 
from  the  simultaneous  stimulation  is  at  least  equal  to  the 
sum  of  the  amounts  from  separate  stimulation. 

•  Jour.  Anat,  and  Phys,  1876.     Vol.  x.  p.  187. 

t  )Vien.  Sitzungsb,  Math,  ntw,  CI.  1857.    Bd.  xxv.  t  Lehrhucht  p.  5. 
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I  may  perhaps  briefly  describe  the  arrangements  made  to  ensure  so 
for  as  possible  the  equalization  of  the  stimuli.  Two  Du  Bois-Rey- 
mond  Induction  Coils  were  used,  one  connected  with  the  electrodes 
for  stimulating  the  chorda,  the  other  with  those  for  stimulating  the 
sympathetic,  each  having  an  intervening  Morse  key.  The  vibrating- 
hammer  was  not  used,  but  for  it  was  substituted  a  tuning-fork  of  thirty 
double  vibrations  per  second.  Two  DanielTs  cells  were  connected  so 
that  the  current  from  them  passed  to  the  tuning-fork,  thence  by  a 
mercury-contact  to  one  primary  coil,  to  the  other  primary  coil,  to  the 
bobbins  above  and  below  the  ends  of  the  tuning-fork  and  back  to  the 
battery ;  for  the  ordinary  mercury-contact  was  substituted  a  modifica- 
tion of  Kronecker's  capillary-contact. 

In  this  way  it  was  assured  that  the  number  of  shocks  per  minute 
should  throughout  be  the  same,  and  that  the  contact  by  which  the  bat- 
tery-cufrent  was  made  and  broken  should  remain  equally  good;  the 
variable  in  the  primary  current,  viz.  the  Dan i ell's  cells,  might  then 
with  well-amalgamated  zinc,  be  trusted  not  to  vary  during  the  few 
minutes  serving  for  a  comparative  observation. 

On  pushing  the  secondary  coil  gradually  nearer  the  primary,  the 
shocks  could  be  first  felt,  with  the  electrodes  applied  to  the  tip  of  the 
tongue,  when  the  index  of  the  secondary  coil  was  at  10'5  to  11-5  cm. 
from  the  primary. 

The  amount  of  flow  was  sometimes  reckoned  in  drops  falling  from 
the  drawn-out  end  of  the  cannula  tied  in  Wharton's  duct,  sometimes 
by  the  rise  of  fluid  in  a  glass  tube  of  small  bore  graduated  in  milli- 
metres. 

The  animals  were  narcotized  with  either  chloroform  alone,  chloroform 
and  morphia,  or  chloroform  and  urari. 

The  sympathetic  nerve  was  sometimes  cut,  sometimes  left  intact;  the 
chorda  was  always  cut,  the  usual  method  being  to  ligature  the  lingual 
nerve  before  it  enters  the  tongue,  cut  it  peripherally  to  the  ligature, 
then  to  separate  it  and  the  chorda-tympani  from  the  surrounding 
tissue  and  to  cut  the  united  tympanico-lingual  nerve  centrally  to  the 
point  where  the  chorda  is  given  off. 

In  some  cases  Ludwig*s  electrodes  or  a  modification  of  Ludwig's 
electrodes  were  used  and  the  wound  sewn  together ;  in  others  ordinary 
platinum  electrodes,  the  nerves  being  laid  bare  for  each  stimulation. 

By  advancing  the  secondary  coil  nearer  and  nearer  the  primary,  the 
stimulus  (continued  for  a  definite  time,  as  30  sees.),  which  was  the  first 
to  give  a  secretion,  was  found  ;  this  minimal  effective  stimulus  having 
be^i  detemiined  for  each  nerve  and  the  amount  of  secretion  following 
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the  separate  stimulations  noted,  the  nerves  were  stimulated  together 
for  a  like  period,  30  sees.,  and  the  amount  of  secretion  during  this 
time  noted.  The  separate  stimulations  at  intervals  of  one  or  two 
minutes  were  then  repeated.  As  I  have  stated  above,  when  the  sepa- 
rate stimuli  were  such  as  just  to  cause  a  secretion,  the  secretion  from 
simultaneous  stimulation  was  always  at  least  equal  to  the  sum  of  the 
separate  ones ;  I  say  at  least,  because  in  nearly  every  case  it  exceeded 
this  sum,  and  I  believe  that  in  all  cases  where  the  stimuli  to  both 
nerves  are  really  minimal,  the  secretion  from  simultaneous  stimulation 
is  greater  than  the  sum  of  the  amounts  from  separate  stimulation. 

When  the  separate  stimuli  are  slightly  greater  than  minimal,  the 
amount  from  simultaneous  stimulation  is  sometimes  rather  more  than 
the  8um  of  the  separate  ones,  sometimes  rather  less,  but  in  all  cases 
more  than  either  separately.  That  such  variation  should  occur  is  of 
course  to  be  expected,  for  the  fundamental  eflfect  is  disguised'  by  the 
variation  of  irritability  of  the  nerve  due  to  section,  or  exposure,  or  pre- 
vious stimulation,  and  by  the  variation  of  irritability  of  the  gland  due  to 
functional  activity. 

When  the  stimuli  are  again  somewhat  greater  than  minimal,  simul- 
taneous stimulation  produces  a  less  effect  than  the  sum  of  the  separate 
ones;  and  when  the  stimuli  are  strong,  the  amount  is  not  only  less 
than  the  sum  but  less  than  that  produced  by  stimulation  of  the  chorda 
alone,  though  still  greater  than  that  produced  by  stimulation  of  the 
sympathetic  alone.  With  strong  currents,  then,  there  is  an  apparent 
antagonistic  action  of  the  sympathetic  on  the  chorda,  but  no  inhibitory 
action  of  the  chorda  on  the  sympathetic. 

Holding  then  in  view  that  the  combined  action  of  the  chorda  and  sym- 
pathetic produces  always  greater  effects  than  stimulation  of  the  sympa- 
thetic alone,  and  also  that  with  weak  stimuli  there  is  a  summation  of 
effects,  I  feel  strongly  inclined  to  the  opinion  that  the  apparent  in- 
hibitory action  of  the  sympathetic  on  the  chorda  is  not  a  direct  inhibi- 
tory action,  but  an  indirect  effect  due  to  the  great  contraction  of  the  arte- 
ries, and  consequent  diminution  in  the  quantity  of  blood  flowing  through 
the  gland,  which  takes  place  when  the  sympathetic  is  strongly  stimulated, 
and  which  as  Ludwig  and  v.  Frey*  have  shown  occurs  equally  when 
sympathetic  and  chorda  are  simultaneously  stimulated  with  maximal 
currents.  The  following  experiments  will  serve  to  illustrate  the  effect 
of  simultaneous  stimulation. 

Experiment  I.  Cat  moderate  size.  Chloroform  given  under  a  bell-jiir, 
and  when  fastened  down  1  cc.  of  5  p.c.    morphia  subcutaneously  injected. 

*  ArhciUn  a,  d.  Physiol  Inst,  zu  Leipzig^  1877. 
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Tympanico-liDgual  nerve  cut,  lingual  nervo  ligatured  and  cut  peripherally  to 
the  ligature,  about  1  cm.  of  chorda  isolated.  Sympathetic  in  neck  ligatured 
and  cut     Apparatus  for  stimulating  as  described  above. 

11.37.  Stimulated  chorda  with  the  secondary  coil  successively  at  30,  25, 
20,  17  for  30  sees,  each  time,  with  intervals  of  30  sees.     In  no  case  secretion. 

11.41.  Stimidated  chorda — sec.  coil  at  16 — for  30  sees. ;  in  about  20  sees. 
a  alight  secretion. 

11.42.  Repeat ;  stimulating  for  60  sees.     Small  secretion. 

11.45.  Stimulated  sympathetic,  sec.  coil  at  14,  for  30  sec.    Slight  secretion. 

11.46.  Stimulated  both  nerves  simultaneously  for  30  sees.,  with  sec.  coils 
resjiectively  as  before.  Flow  of  saliva,  which  comes  more  readily  and  is  less 
scanty  than  with  either  nerve  alone. 

11.51.  Repeated  simultaneous  stimulation,  but  for  45  sees.  Saliva 
nearly  fills  the  cannula. 

1 1.53.     Stimulated  sympathetic  alone  for  45  sees.     Very  slight  secretion. 

Stimulated  chorda  alone  for  45  sees.     \  of  cannula  filled. 

Stimulated  both  nerves  simultaneously  for  45  sees.     -^  of  cannula 


11.54. 
11.56. 
filled. 
11.5a 
11.5g. 


Stimulated  chorda  alone  for  45  sees.     \  of  cannula  filled. 
Stimulated  sympathetic  alone  for  50  sees.     No  secretion. 


Experiment  II.  Cat  moderate  size.  Preliminary  arrangements  as  in 
Exp.  I.,  except  that  the  sympathetic  was  left  uncut,  and  that  the  amount  of 
secretion  was  observed  by  noting  the  rise  in  a  smflll-boi*e  glass  tube  graduated 
in  millimetres  connected  with  the  cannula  in  Wharton's  duct  by  a  short  T 
piece.     A  modification  of  Ludwig's  electrodes  was  used. 


Distance  of  index 

of  secondary  coil 

Time  of 

Rise  of  saliva 

from  primary 

fitimiila- 

dnring  time  of 

Nerve  stimulated. 

in  millimetres. 

I3VAAAJI  ln^AlM 

tion  in 
seconds. 

stimulation 
measured  in 
millimetres. 

For     For  sym- 

chorda.  pathetic. 

h.    m.    B. 

12  46 

Chorda 

25 

12 

0 

12  47 

Chorda 

23 

12 

0 

12  48  30 

Chorda 

21 

12 

24 

12  50  30 

Sympathetic 

17 

12 

0 

12  51  30 

Sympathetic 

13 

12 

19 

12  53  30 

Chorda  and  Sympathetic 

21          13 

12 

40 

12  55 

Chorda 

21 

12 

30 

12  56  30 

Sympathetic 

13 

12 

20 

12  68 

Chorda  and  Sympathetic 

21 

13 

12 

45 

1     8 

Chonia 

17 

48 

20 

1  10 

Sympathetic 

14 

48 

25 

1  12 

Chorda  and  Sympathetic 

.17 

14 

48 

30 

1-17 

Cliorda 

15 

36 

60 

1  19 

Sympathetic 

12 

36 

55 

1  21 

Chorda  and  Symjmthetio 

15 

12 

36 

75 
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Experiment  III.  Cat  moderate  size.  Chloroformed  under  a  hell-jar; 
after  being  fastened  down  2  cc.  of  2  p.c.  urari  injected  subcutaneously. 
Arrangements  as  in  previous  experiment. 


• 

Nerve  stimulated. 

Distance  of  index 

of  secondary  coil 

from  primary 

in  millimetres. 

Time  of 
stimula- 
tion in 
seconds. 

Bise  of  saliva 

during  time  of 

stimulation 

measured  in 

millimetres. 

For 
chorda. 

-  > 
For  sym- 
pathetic. 

li.  m. 

1  59 

Chorda 

12 

18 

1 

2     0 
2     1 

S3rmpathetio 
Chorda  and  Sympathetic 

12 

16 
16 

18 
18 

0 
4-5 

2     3 

Chorda 

11-5 

18 

8-5 

2     4 
2     5 

Sympathetic 
Chorda  and  Sympathetic 

11-5 

15-5 
15-5 

18 
18 

0 
10 

2     7 

Chorda 

11-5 

18 

6 

2     9 
2  10 
2  12 
2  13 
2  14 
2  15 

Chorda  and  Sympathetic 
Sympathetic 
Sympathetic 
Sympathetic 
Sympathetic 
Chorda 

11-5 
11 

15-5 
15-5 
14-5 
14 

12 

18 
18 
18 
18 
18 
18 

7 
0 
0 
0 
7 
9 

2  17 

Chorda  and  Sympathetic 

11 

12 

18 

27 

2  24 

Chorda 

10 

18 

21 

2  26 

2  28 

Sympathetic 
Chorda  and  Sympathetic 

10 

11 
11 

18 
18 

12 
29 

2  46 

Chorda 

8 

36 

56 

2  48 
2  50 
2  52 

Sympathetic 

Chorda  and  Sympathetic 

Chorda 

8 
8 

9 
9 

36 
36 
36 

30 
42 

47 

2  55 
2  57 

Sympathetic 
Chorda  and  Sympathetic 

8 

9 
9 

36 
36 

10 
34 

In  Experiment  III.  it  may  seem  extraordinary  that  in  some  cases 
\vhen  stimulation  of  the  sympathetic  alone  produced  no  secretion,  yet 
when  this  nerve  was  stimulated  together  with  the  chorda,  the  flow 
taking  place  was  larger  than  that  produced  by  stimulating  the  chorda 
alone.  This  however  I  have  not  unfrequently  observed  when  the  stimuli 
for  the  sympathetic  (as  for  the  chorda)  were  just  below  minimal  eflfective 
stimuli.    It  seems  to  me  not  unlikely  that  such,  just  non-effective 
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stimuli,  which  are  not  strong  enough  to  start  secretion  in  a  quiescent 
gland,  yet  maybe  able  to  increase  the  secretion  when  once  started*; 
that  the  eflfect  is  not  due  to  a  variation  in  the  irritability  of  the  nerve 
is  I  think  sufficiently  shown  by  the  fact  of  its  constant  occurrence  many 
times  in  succession. 

To  sum  up  then  the  chief  results  of  these  observations  on  the  cat : 

1.  The  sympathetic  secretion  is  more  watery  than  that  of  the 
chorda. 

2.  The  secretory  function  of  the  sympathetic  nerve,  as  well  as 
that  of  the  chorda,  is  paralysed  by  atropin. 

3.  The  sympathetic  and  chorda  are  not  antagonistic  for  minimal 
stimuli,  and  the  apparent  antagonistic  action  of  the  sympathetic  on  the 
chorda  for  maximal  stimuli  is  probably  due  to  a  diminution  in  blood- 
supply. 

Or  in  other  words:  The  connection  of  the  sympathetic  secretory 
fibres  with  the  gland-cells  is  of  a  somewhat  diflferent  nature  in  the  cat 
and  in  the  dog,  which  difiference  in  the  cat  is  favourable  to  the  para- 
lysing action  of  atropin;  moreover  impulses  (at  any  rate  weak  ones) 
travelling  down  one  nerve  produce  their  effect  on  the  cells  whether  the 
other  nerve  be  functionally  active  or  no. 

*  I  have  made  a  few  experiments  on  the  chorda  and  sympathetic  to  test  whether  a 
minimal  stimnlus  does  not  cause  the  effect  of  another  snch  minimal  stimulus  coming 
almost  immediately  after  to  be  somewhat  greater,  and  as  yet  with  afi&rmative  results. 


DOES  THE  APEX  OF  THE  HEART  CONTRACT 
AUTOMATICALLY?  By  H.  P.  BOWDITCH,  M.D;,  Pro- 
feasor  of  Physiology,  Harvard  Medical  School,  Boston,  U.S, 

In  the  course  of  an  investigation  made  in  Leipzig  in  1871,  under  the 
direction  of  Professor  Ludwig,  the  writer*  observed  that  the  apex  of 
the  frog's  heart  {i.e,  the  lower  half  or  two-thirds  of  the  ventricle)  when 
separated  from  the  rest  of  the  organ  by  a  ligature  was,  as  a  rule,  inca- 
pable of  automatic  movement,  but  that  when  filled  with  serum  con- 
taining delphinine  in  solution,  it  executed  a  series  of  contractions  more 
or  less  regularly  rhythmical  in  character. 

The  subject  was  further  investigated  by  Merunowicz"f-,  who  found 
that  the  isolated  apex  of  the  heart,  when  kept  supplied  with  a  mixture 
of  defibrinated  rabbits'  blood  and  0*6  per  cent,  solution  of  sodic  chloride, 
begins  to  contract,  after  a  preliminary  repose  of  10  to  60  minutes,  and 
continues  to  beat  with  regularity  for  a  very  long  time.  This  observa- 
tion led  Merunowicz  to  the  conclusion  that  "automatic  motor  appa- 
ratus producing  the  heart-beat  is  contained  in  the  apex  of  the  heart  as 
well  as  in  the  auricle,  and  in  the  part  of  the  ventricle  lying  close  to  the 
auriculo-ventricular  groove." 

BernsteinJ,  on  the  other  hand,  found  that  if  the  ventricle  is  com- 
pressed transversely  in  the  middle  with  a  pair  of  narrow-bladed  forceps, 
the  part  beyond  the  line  of  compression  remains  absolutely  inactive, 
though  its  nutrition  is  perfectly  provided  for  by  the  persistence  of  the 
normal  movements  in  the  rest  of  the  heart.  The  author  therefore  con- 
cludes that  "  under  normal  physiological  conditions  no  automatic  stimu- 
lation occurs  in  the  ventricle  of  the  frog's  heart,"  and  regards  the 
contractions  observed  by  Merunowicz  in  ventricles  filled  with  defi- 
brinated rabbits'  blood  as  no  more  automatic  than  those  which  occur 
under  the  influence  of  any  other  chemical  stimulus  or  of  a  constant 
electrical  cuiTent.  The  experiments  of  Merunowicz  merely  prove, 
according  to  Bernstein,  that  defibrinated  rabbits'  blood  is  a  chemical 
stimulus  for  the  muscular  substance  of  the  frog's  heart,  while  at  the 
same  time  it  supplies  nutritious  material. 

•  ArbeiUn  a.  d,  Physiologitehen  Anstalt  zu  Leipzig ^  1871,  p.  1C9. 

t  Ibid,,  1876,  p.  132. 

X  Centralblattf.  d.  Med.  Winemchaften,  1876,  p.  385. 
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In  opposition  to  Bernstein's  views  it  may  be  urged  that  in  his 
experiments  the  part  of  the  heart  beyond  the  line  of  compression  was 
perhaps  kept  at  rest  by  an  inhibitory  process  set  going  by  the  local 
injury  to  the  substance  of  the  organ.  To  this  objection  it  may  be 
replied  that  the  compression  of  the  ventricle  as  practised  by  Bernstein 
seems  no  more  likely  to  produce  a  persistent  inhibitory  effect  than  the 
ligature  used  by  Merunowicz;  and  it  has  been  shewn  by  the  latter 
observer*  that  this  method  of  isolating  the  apex  from  the  rest  of  the 
organ  can  produce  only  the  most  transient  inhibitory  effect.  Some  of 
Bernstein's  observations  extended  over  two  days,  and  it  is  diflScult  to 
suppose  that  so  prolonged  an  inhibition  of  the  apex  of  the  heart  could 
be  produced  by  compression  of  its  muscular  substance. 

If,  however,  the  views  of  Goltzf  in  regard  to  the  results  of  de- 
struction of  the  cortex  cerebri  be  correct,  this  cannot  be  regarded  as  an 
excessive  prolongation  of  an  inhibitory  effect;  and  on  this  account  it 
seemed  desirable  to  repeat  the  experiments  of  Bernstein,  keeping  the 
animals  alive,  if  possible,  sufficiently  long  to  permit  the  disappearance 
of  all  phenomena  which  could  be  regarded  as  inhibitory. 

The  experiments  were  performed  as  follows.  The  frogs  were  ether- 
ized by  placing  them  for  a  few  minutes  in  a  wide-mouthed  bottle,  half 
filled  with  water,  in  which  a  small  amount  of  ether  had  been  dissolved. 
The  heart  was  then  exposed  by  a  V-shaped  incision  through  the  skin 
and  the  lower  cartilaginous  portion  of  the  sternum.  The  ventricle  was 
then  compressed  transversely  at  about  the  middle  between  the  cylin- 
drical blades  of  a  pair  of  forceps  constructed  for  the  purpose.  As  a 
result  of  this  operation  the  apex  of  the  heart  was  invariably  rendered 
inactive,  while  the  other  portions  of  the  heart  continuing  to  beat  kept 
the  apex  passively  dilated  by  the  blood  forced  into  it  The  wound  was 
then  closed  by  one  or  two  sutures  and  the  frog  left  to  recover  from  the 
operation.  At  the  end  of  a  certain  number  of  days  the  heart  was  again 
exposed  and  its  condition  observed.  Many  of  the  frogs  died  in  the  first 
week,  a  still  larger  number  during  the  second  week,  and  very  few  re- 
mained alive  at  the  end  of  the  third  week  after  the  operation. 

From  the  following  table  it  will  be  seen  that  the  time  elapsing  be- 
tween the  original  compression  and  the  observation  of  the  condition  of 
the  apex  varied  between  two  and  twenty-one  days,  the  interval  in  the 
majority  of  cases  being  either  seven  or  fourteen  days.     In  only  four 

•  Op,  eit.  p.  142. 

t  PflUger*8  Archlv,  xiii.  p.  1. 
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Table  shewing  the  results  of  fifteen  successful  experiments. 


Number 
of  Exp. 

Time  between 

Compression 

and  Observation. 

1 

Condition  of 
Apex. 

Number 
of  Exp. 

Time  between 

Compression 

and  Observation. 

Condition  of 
Apex. 

Days. 

Days. 

1 

2 

at  rest 

9 

14 

at  rest 

2 

5 

at  r6st 

10 

21 

at  rest 

3 
4 

5 
9 

beating 
at  rest 

11 
12 

7 
7 

at  rest 
at  rest 

5 
6 
7 

7 

14 
14 

beating 
beating 
at  rest 

13 
14 
15 

7 
7 
7 

at  rest 
at  i-est 
at  rest 

8 

14 

beating  * 

instances  was  the  apex  found  to  be  pulsating  normally  with  the  rest  of 
the  heart.  In  all  the  other  cases  it  was  absolutely  at  rest,  retaining, 
however,  as  a  rule,  its  normal  appearance  and  irritability.  It  should  be 
mentioned  here  that  several  cases  occurred  where  the  condition  of  the 
apex  was  recorded  in  the  note-book  of  the  experiments  as  "dark  coloured 
and  no  longer  irritable."  This  condition  was  shewn  by  the  microscope 
to  be  due  to  an  effusion  of  blood  between  the  fibres  of  the  heart,  in- 
dicating a  rupture  of  the  endocardium.  These  cases  were  not  included 
in  the  above  table. 

To  explain  the  activity  of  the  apex  in  the  four  instances  in  which, 
after  an  interval  of  5 — 14  days,  that  portion  of  the  heart  was  found  to 
be  again  pulsating,  several  hypotheses  may  be  made.  It  may  be  sup- 
posed: (1)  That  there  is  in  the  apex  of  the  heart  a  motor  apparatus, 
which  under  normal  circumstances  is  only  slightly  active,  but  which, 
after  separation  from  the  rest  of  the  organ,  gradually  assumes  a  higher 
degree  of  energy,  as  the  somewhat  hypothetical  perivascular  ganglia  are 
supposed  to  become  more  active  after  the  section  of  the  vasomotor  nerves. 
(2j  That  the  apex  *of  the  heart  contains  motor  apparatus,  of  which  the 
activity  was  in  these  four  instances  temporarily  checked  by  an  inhi- 
bitory process  due  to  the  compression  of  the  heart's  substance.  (3)  That 
there  is  no  motor  apparatus  in  the  apex  of  the  heart,  and  that  the 
renewal  of  the  pulsations  was  due  to  a  restoration  of  its  connection 
with  the  rest  of  the  organ. 

To  decide  between  these  three  hypotheses  the  ventricle  was  in  the 
four  cases  in  question  again  compressed  a  short  distance  above  the  line 
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of  the  first  compression.  The  result  of  this  operation  was  always 
to  bring  to  rest  all  that  portion  of  the  ventricle  below  the 
second  (or  upper)  line  of  compression.  This  result  is  manifestly 
inconsistent  with  the  first  of  the  three  hypotheses,  and  is  reconcilable 
with  the  second  only  on  the  assumption  that  an  inhibitory  influence 
proceeded  from  the  upper  line  of  compression  by  a  restored  nervous 
connection  through  the  lower  line  of  compression.  But  if  a  restored 
nervous  connection  is  to  be  assumed,  the  third  hypothesis  affords  a 
mucb  simpler  explanation  of  the  phenomenon,  viz.  that  the  renewal  of 
the  pulsations  of  the  apex  depended  upon  a  restoration  of  the  channels 
of  motor  influences  coming  from  the  base  of  the  heart,  and  that  the 
second  compression  again  brought  the  lower  part  of  the  ventricle  to 
rest  by  once  more  destroying  these  same  channels.  In  favour  of  this 
interpretation  of  the  result  are  to  be  mentioned  the  facts,  (1)  that  (in 
Exp.  No.  3)  four  days  after  the  second  compression  the  pulsations 
of  the  apex  had  not  been  resumed,  and  (2)  that  in  a  ventricle  thus 
brought  a  second  time  to  rest,  the  whole  of  the  portion  below  the 
second  line  of  compression  could  be  made  to  contract  by  an  electrical 
or  mechanical  irritation  anywhere  on  the  surface  of  this  portion,  i.e. 
either  above  or  below  the  first  line  of  compression. 

In  view  of  these  results  it  seems  reasonable  to  conclude  that  the 
apex  of  the  frog's  heart  does  not  contain  within  itself  the  conditions  for 
automatic  motion,  and  that  when,  after  transverse  compression  of  the 
ventricle,  the  apex,  at  first  brought  to  rest,  recommences  to  beat,  this 
renewal  of  activity  depends  upon  the  restoration  of  an  imperfectly 
destroyed  connection  between  the  apex  and  the  motor  apparatus  at  the 
base  of  the  heart. 

The  above-mentioned  conclusion  of  Bernstein  receives,  therefore, 
confirmation  from  this  investigation. 
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PRELIMINARY  NOTE  OF  FURTHER  INVESTIGA- 
TIONS  UPON  THE  VASO-MOTOR  NERVES  OF 
STRIATED  MUSCLE.  By  W.  H.  GASKELL,  M.A.,  Trinity 
College^  Cambridge, 

Using  the  same  method  as  that  employed  by  me  at  Leipzig,  viz., 
measuring  the  outflow  of  blood  from  the  "  extensor  vein,"  I  have  now 
nearly  completed  a  series  of  experiments  upon  reflex  vaso-motor  action 
in  mammalian  muscles,  and  in  this  note  I  will  briefly  give  the  main 
results  of  my  experiments  as  far  as  I  am  able  to  judge  of  them  at 
present,  leaving  to  my  main  paper  all  discussion  of  the  differences 
between  myself  and  Heidenhain*.  In  the  curarised  animal  I  find 
that  stimulation  of  the  central  end  of  the  saphena  branch  of  the  crural 
nerve  on  either  side,  (and  both  nerves  seem  to  be  effective  with  equally 
weak  currents,)  causes  a  marked  increase  in  the  outflow  of  blood  even 
without  any  perceptible  rise  of  blood-pressure;  this  increase  com- 
mences a  few  seconds  after  the  beginning  of  the  stimulation. 

On  the  other  hand,  stimulation  of  either  vagus  causes  no  such 
increase  of  outflow,  whether  it  be  accompanied  by  a  rise  or  a  fall  of 
pressure. 

In  the  uncurarised  animal  the  reason  of  this  difference  becomes 
apparent ;  stimulation  of  the  saphena  or  radial  nerves  causes  a  reflex 
contraction  of  the  extensor  muscles  and  so  causes  an  increase  of  flow, 
and  if  the  animal  be  then  curarised  and  the  nerve  again  stimulated 
with  the  same  strength  and  duration  of  stimulation,  the  curve  produced 
is  very  closely  similar  to  the  former  one  with  the  difference  that  there 
is  no  muscular  contraction  marked  on  the  curve. 

Stimulation  of  the  .vagus  causes  no  reflex  contraction  of  the  exten- 
sor muscles :  it  affects  only  the  respiratory  muscles ;  and  for  this  reason, 
80  it  seems  to  me,  there  is  here  no  increase  of  flow  as  in  the  former 
case. 

Further,  in  experimenting  upon  the  action  of  curare  in  the  case  of 
stimulation  of  the  peripheral  end  of  the  crural  nerve,  I  have  been  able 
by  giving  a  small  enough  dose  to  obtain  curves  showing  a  decided 
increase  of  flow  during  and  after  stimulation,  without  there  being  at  the 
same  time  any  contraction  of  the  muscles  either  visible  to  the  eye  or 
marked  on  the  curve ;  crimping  the  nerve  after  Goltz's  method  also 
causes  a  decided  increase  of  flow  in  curarised  animals. 

As  to  the  abdominal  sympathetic  nerve,  I  agree  with  Heidenhain 
that  its  section  causes  a  marked  increase  and  its  stimulation  a  diminu- 
tion of  outflow,  at  all  events  in  curarised  animals. 

I  should  perhaps  say,  that  in  all  cases  the  animals  were  under  the 
influence  of  morphia  and  the  stimulation  of  the  nerve,  whatever  it  was, 
never  lasted  longer  than  one  minute,  usually  only  15  to  30  seconds. 

•  PfliigerU  Archiv,  Bd.  16,  «.  1—47. 
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ON  THE  STABLE  COLOURS  OP  THE  RETINA.  By 
W.  KTJHNE,  M.D.,  Frofesiqfr  of  Phyalology  in  the  JJniveraity  of 
HddtUberg;  assisted  by  W.  C.  AYRBS,  M.D.,  of  Nevo  Orleans^ 
(PL  IIL  IV.  V.) 


We  have  chosen  the  name  "  stable "  fot  some  of  the  colours  of  the 
retina  here  to  be  described,  not  in  order  to  imply  that  they  completely 
resist  the  action  of  light,  but  simply  to  place  them  in  opposition  to 
that  pigment  of  the  retina  which  alone,  as  far  as  is  known  up  to 
the  present  time,  is  in  the  highest  degree  sensitive  to  light,  namely 
*' visual-purple."  It  is  so  universally  the  case  that  pigments  which 
give  rise  to  colours  by  absorption,  and  to  which  the  retention  of  par* 
ticular  waves  of  light  is  peculiar,  are  at  the  same  time  altered  and 
decomposed  by  light,  that  it  is  difficult  to  find  absolutely  stable  colours 
either  in  nature  or  in  manufactures. 

It  must  be  an  important  reason,  well  worthy  of  the  attention  of 
'science,  which  urges  art  and  industry  to  seek  unceasingly  for  durable, 
light-resisting  colours  among  those  compounds  which  are  also  perma* 
nent  at  high  temperatures,  and  in  cases  where  mineral  colours  cannot 
be  employed,  to  give  the  preference  among  the  numerous  coloured 
carbon-compounds  at  our  disposal  to  those  which  endure  heating  to 
a  relatively  high  degree  without  decomposing,  rather  than  to  those 
which  are  more  brilliant  in  hue.    The  colouring  substances  of  indigo 

*  This  paper  appears  in  the  German  language  in  the  UnUrsuehungen  des  Phystolo^ 
giMchen  IrutituU  der  Universitdt  Heidelberg^  Bd.  i.  Heft  4,  and  has  been  translated  for  this 
Jaimial  by  Dr  W.  C.  Ayres. 
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and  madder  which  for  the  most  part  sublime  without  change  even  at 
high  temperatures  may  be  mentioned  as  examples  of  this  latter  class ; 
in  the  case  of  these,  however,  it  is  probable  (and  in  many  cases  certain) 
that  they  fade  away  under  circumstances  which  are  in  themselves  in- 
nocuous, if  the  action  of  light  be  superadded.  We  have  found  Vogel's 
statement*  perfectly  true,  that  purpurin  is  not  bleached  in  the  dark 
in  presence  of  excess  of  alkali,  but  certainly  is  in  the  light.  In  general 
therefore  there  is  little  to  be  said  against  the  principle  that  only 
mineral  colours  are  stable  and  the  so-called  organic  colouring  matters 
unstable.  Yet  it  must  be  remarked  that  there  are  among  the  latter, 
some  belonging  exclusively  to  the  animal  body  which  far  surpass  in 
stability  those  msed  for  dyeing.  These  are  the  colouring-matters  of  the 
blood,  especially  reduced  haemoglobin,  in  which  we  were  unable  to 
detect  any  change  at  all  under  the  action  of  light ;  also  the  black 
or  brown  pigments  of  various  origin. 

Hoppe-Seylert  a  short  time  ago  justly  drew  attention  to  the  extraordi- 
nary stability  of  reduced  hsemoglobin.  This  I  can  eonfirm  and  extend  with 
reference  to  the  action  of  light  I  sealed  up  aqueous  solutions  of  the  purest 
possible  hsemo^obin  in  glass  tubes,  together  with  pulvertdent  iron,  reduced 
by  hydrogen,  and  an  extremely  small  bubble  of  air ;  these  I  have  kept  for 
nine  years,  and  in  the  course  of  last  year  I  exposed  them  to  light  and  to  the 
action  of  the  sun,  without  observing  any  change  perceptible  by  the  spectro- 
scope or  other  means.  In  several  of  these  tubes,  which  for  many  years  I 
have  been  accustomed  in  my  lectures  to  show  and  to  place  before  the  spectro- 
scope, were  solutions  which  from  the  beginning  were  so  dilute  that  the  single 
band  of  reduced  hsemoglobin  could  be  just  easily  recognised ;  this  same  band 
can  be  seen  at  the  present  time  with  the  same  distinctness.  How  oxyhsemo- 
globin  behaves  when  exposed  for  a  lengthy  period  to  light,  could  not  be 
determined,  since  the  solution  cannot  be  kept  without  acquiring  the  properties 
of  the  so-called  methsemoglobin,  or  of  that  substance  which  has  been  desig- 
nated of  late  as  peroxyhsemoglobin,  and  finally  undergoing  complete  decom- 
position even  without  the  action  of  light 

With  I'egard  to  the  so-called  peroxyhsemoglobin,  I  am  able  to  confirm  the 
various  modes  of  its  formation,  discovered  first  by  Gamgee  and  of  late 
iDspedally  by  Jaderholm.  I  believe,  however,  with  Hoppe-Seyler,  that 
we  have  not  to  deal  in  this  case  with  products  of  the  higher  oxydation  of 
haemoglobin,  containing  larger  proportions  of  oxygen.  A  body  possess- 
ing the  spectroscopic  features  of  the  so-called  methsemoglobin  ip  formed,  as  is 
well  known,  even  without  access  of  oxygen,  by  the  action  of  very  small 
quantities  of  acid  on  the  haemoglobin  of  arterial  blood,  and  is  produced  at  the 
exact  moment  when  no  more  oxygen  is  given  off  to  a  vacuum.  Since  the 
addition  of  every  reagent  which  produces  the  substance  in  question  causes 
at  the  same  time  such  a  change  in  the  haemoglobin  that  no  more  oxygen  can 

*  Ber,  d.  deuUch,  Chem,  GeselU  x.  Jahrg.  p.  692. 
t  Zeittch.  /.  Phytiol  Chem,  Bd.  i.  p.  121. 
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be  obtained  from  it  by  diminishing  the  pressure,  but  leaves  it,  on  the  other 
hand,  in  such  a  state  that  all  chemical  reducing  agents  convert  it  into 
ordinary  reduced  hsemoglobin,  which  then  passes,  in  presence  of  fi*esh  oxygen, 
into  ordinary  oxyhemoglobin,  it  becomes  thus  easy  to  explain  that  the  pre- 
tended synthesis  or  reconstiniction  of  haemoglobin  out  of  hsematin  and  globin 
has  no  other  actual  foundation  than  that  which  lies  in  the  behaviour  of  the 
do-called  methsemoglobin.  This  has  indeed  been  already  stated  by  others,  and 
I  have  been  accustomed,  for  many  years,  to  explain  it  in  this  way  in  my 
lectures.  From  this  it  becomes,  moreover,  clear  tiiat  the  body  in  question  can 
be  notliing  else  than  the  more  stable  chemical  compound  of  oxygen  and 
hsmoglobin,  which  cannot  be  made  unstable  or  dissociated  by  mere  diminution 
of  pressure,  and  which  can  only  be  decomposed  or  reduced  by  means  of  chemi- 
cal action.  Among  the  agents  which  convert  haemoglobin  (the  operation 
being  of  course  carried  out  in  presence  of  air)  into  the  substance  in  question, 
that  is  to  say,  into  the  substance  which  alone  may  be  properly  called  oxyhie- 
moglobin,  I  found  trypsin  particularly  efficient ;  and  since  the  further  action 
of  trypsin  which  leads  to  the  formation  of  hsematin  and  peptone  starts  only 
from  this  new  body,  I  had  particular  reasons,  in  my  short  communication  on 
the  action  of  trypsin,  in  which  I  kept  in  mind  its  action  on  haemoglobin,  not 
to  make  any  more  definite  statements  as  to  whether  I  worked  in  presence  of 
the  atmosphere,  a  factor,  on  the  necessity  of  which  Hoppe-Seyler  seems 
expressly  to  insist.  Hoppe-Seyler  is  entirely  unjustified  in  demanding 
firom  others  that  they  should  call  only  reduced  haemoglobin  by  the  name 
haemoglobin,  as  he  does;  this  leads  in  his  own  case  to  numerous  inconsistencies 
and  obscurities  of  expression  which  least  of  all  entitle  him  to  make  such 
an  unnecessary  remark,  as  that  my  statements  are  wrong;  a  remark  which  he 
appends  to  my  observations  oh.  the  digestion  of  haemoglobin,  which  latter 
formed  the  starting-point  of  his  further  investigations  {vide  loc,  cit,).  It  may 
aluo  be  remarked  here  that  the  formation  of  the  real  oxyhaemoglobin  throws 
light  at  the  same  time  on  the  vexed  question  of  the  ozonising  action  of  oxygen 
in  the  blood,  for  it  is  ozone  itself  which  produces  this  body.  Both  in  a 
current  of  ozone  and  by  the  action  of  ozonised  ether  it  may  be  obtained  in 
the  form  of  a  body  characterised  by  its  beautiftfl  brown  glittering,  exceedingly 
stable  crystals.  And  such  part  of  the  oxygen  of  the  blood  as  is  converted 
into  ozone,  produces  its  oxydation  product  in  the  very  first  bearer  of  the 
OBone,  viz.,  in  the  haemoglobin  itself:  the  haemoglobin  apparently  decomposes 
of  itself,  because  it,  little  by  little,  decomposes  the  loosely  combined  oxygen. 
Thus  it  is  easily  understood  why  other  ozone  reactions  succeed  so  badly  with 
blood  :  the  haemoglobin  competes  with  the  applied  i^eagents. 

Other  pigments,  such  as  those  of  the  bile,  fat,  &c.,  as  also  most 
▼^stable  colouring-matters,  fade  slowly  when  exposed  to  light: 
whether  this  change  is  accompanied  by  accessory  processes,  such  as 
oxydation,  need  not  now  be  discussed. 

The  eye  and  the  retina  are  characterised  (putting  aside  the  black 
pigments  which  are  hardly  destroyed  by  even  the  most  energetic 
chemical  reagents)  by  the  presence  in  them  of  either  the  extremely 
Sttisitive  visual-purple,  or  of  other  pigments  which  up  to  the  present 
time  have  not  been  found  to  exhibit  any  marked  relation  to  the  light; 

9»— 2 


112  W.   KUHNE, 

and  the  observation  has  previously  been  made*  that  the  occurrence 
of  the  latter  in  coloured  oil-drops  bears  a  very  close  relation  to  the 
paucity  or  absence  of  visual-purple.  The  retinas  of  birds  contain  all 
the  more  visual-purple,  in  proportion  as  the  number  and  intensity  of 
colour  of  the  oil-globules  in  the  cones  is  small ;  in  many  birds,  such  as 
the  pigeon  and  fowl,  the  retina  is  quite  free  from  visual-purple,  and  in 
such  cases  the  oil-globules  are  peculiarly  well  developed.  The  same 
appears  to  hold  good  for  reptiles,  as  for  instance  in  Lacerta,  where 
there  is  no  visual-purple,  but  much  yellow  pigment  in  the  cones ;  in 
snakes  we  meet  with  neither  the  one  nor  the  other. 

It  appears  from  all  researches  since  the  discovery  of  the  retinal 
oil-globules  by  Hannover,  that  their  colours  are  not  to  any  great 
degree  unstable.  Alcohol,  ether,  etc.,  dissolve  both  the  fat  and 
colouring-matters.  Heating  up  to  boiling  point,  the  action  of  alkalis 
and  moderately  strong  acids,  do  not  alter  them,  and  in  short  it 
seems  we  have  here  to  deal  with  exceedingly  stable  compounds. 
Now  since  these  pigments  occur  without  exception  in  globules  which 
exhibit  all  the  properties  of  fat-globules,  and  since  this  fat,  as  a  solvent, 
might  be  something  quite  distinct  from  the,  as  yet,  unknown  but 
probably  aqueous  medium  which  contains  the  visual-purple  in  the 
rods,  the  question  arose  whether  the  three  bright  colours  in  the  cones  of 
the  bird's  retina,  when  freed  from  fat,  and  brought  into  aqueous 
solution,  might  not  exhibit  an  amount  of  sensitiveness  to  light  which 
should  gain  for  them  an  importance  similar  to  that  of  visual-purple. 
We  were  already  aware  that  the  bleaching  of  visual-purple  is  very 
much  delayed  by  the  absence  of  water,  and  we  had  observed  that 
the  "visual-yellow"  acquired  a  high  degree  of  indolence  when  it  was 
kept  dry  or  when  it  was  fixed  either  in  its  natural  substratum  or  by 
means  of  certain  chemical  compounds  (corrosive  sublimate)  brought  to 
bear  upon  it. 

We  supposed,  therefore,  that  pigments  naturally  sensitive  to  light 
might  exist  in  the  anhydrous  fats  of  the  cone-globules,  in  a  similar  in- 
sensitive condition ;  and  we  might  imagine  that  when  the  fats  were  in 
any  way  whatever  partially  decomposed  or  saponified,  the  cones  which 
beyond  doubt  a  refree  from  visual-purple  might  be  provided  with  a  sub- 
stance of  photo-chemical  action,  of  whose  existence  there  had  been  be- 
fore no  indication.  This  was  one  of  the  reasons  which  led  us  to  separate 
the  colour- substances  of  the  retina  of  the  bird  from  their  natural  com- 

•  Kuhne  u.  Ewald,  Untersuch,  Phytiol.  Imt.  Heidelberg,  i.  Heft  1,  p.  28, 
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bination  with  the  fat ;  a  second  reason  came  from  the  wish  to  try,  after 
removal  of  the  solvent  common  to  all,  some  new  ones,  in  order  to 
separate  from  each  other  the  various  kinds  of  coloura.  Neither  result 
could  be  accomplished  by  anhydrous  agents,  such  as  the  alcohols, 
ether,  benzol,  chloroform,  bisulphide  of  carbon,  etc,  which  had  been 
hitherto  used  to  dissolve  fats. 

Our  first  attempts  to  obtain  coloured  extracts  from  the  retina  of 
the  bird  with  absolute  or  dilute  glycerine,  with  bile,  soap,  or  glycerine 
containing  bile,  were  wholly  in  vain;  with  glycerine  indeed  the 
colouring-matters  were  often  so  evenly  distributed  that  they  seemed 
to  have  actually  passed  into  solution ;  but  when  the  fluid  was  filtered, 
only  colourless  drops  went  through.  Thus  the  appearance  of  a  solu- 
tion, which  was  contradicted  by  the  good  preservation  of  the  pigment- 
globules,  for  these,  even  after  long  action  of  glycerine  in  the  dark,  could 
be  still  distinctly  perceived  by  the  microscope,  resulted  from  the  equal 
distribution  and  refraction  of  the  mass.  After  the  failure  of  these  first 
experiments  nothing  remained  but  the  method  of  saponification,  which 
seemed  at  first  to  promise  little,  but  led,  as  will  be  shown,  to  a  perfectly 
successful  result. 

From  local  reasons,  we  were  led  to  use  for  these  chemical  experi- 
ments the  eyes  of  fowls  only,  these  being  easily  obtained  in  great 
numbers  from  the  hotels  of  Heidelberg.  The  retinas  of  pigeons,  which 
fix)m  the  abundance  of  red  cone-globules  present  in  them  would  have 
better  suited  our  purpose,  were  not  to  be  had  in  the  requisite  numbers ; 
80  we  used  these  only  for  microscopic  investigations.  The  eye-ball  was 
taken  out  of  the  fresh  fowl's  head,  cleaned  off  on  the  outside,  laid 
widely  open  in  front,  and  the  whole  fundus  immediately  thrown,  together 
with  the  retina  after  the  escape  of  the  vitreous  humour,  into  absolute 
alcohol.  As  soon  as  70  to  100  eyes  had  been  collected  in  this  manner, 
the  yellowish  alcohol  was  poured  off,  quickly  evaporated  on  the  water- 
bath,  and  the  residue  extracted  with  ether  (which  was  mostly  of  a 
pale  orange  colour).  This  ethereal  solution  was  added  to  the  main 
solution  obtained  by  treating  the  residue  of  the  first  alcoholic  ex- 
traction directly  with  ether.  Instead  of  ether,  other  solvents  of  fats, 
such  as  benzol,  petroleum-ether,  chloroform,  etc.,  might  have  been 
used ;  but  we  found  no  occasion  to  depart  from  the  method  already 
begun,  after  we  had  convinced  ourselves  that  none  of  the  above- 
mentioned  liquids  extracted  any  further  pigment  from  the  residue 
already  exhausted  by  ether,  and  after  we  had  observed  that  each  of 
the  agents  dissolved  all  the  pigments  together  and  not  one  moro 
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than  another.  The  same  seems  to  hold  good  with  cold  alcohol,  although 
the  colouring-matters  are  dissolved  by  it  only  in  a  very  small  degree. 
This  was  to  be  expected,  if  the  extraction  depended  essentially,  on  the 
dissolving  of  fat ;  which,  as  is  well  known,  is  dissolved  in  any  quantity 
by  hot  alcohol  only. 

The  orange-red  ethereal  solution  deposited,  on  evaporating,  a  fat 
of  intense  fieiy-red  colour,  which  we,  according  to  the  method  of 
Heintz,  saponified  by  dissolving  it  in  a  sufficient  amount  of  boiling 
alcohol  and  adding  a  few  drops  of  very  concentrated  caustic  soda. 
In  this  process  the  colour  scarcely  changed  at  first,  but  became  a  lighter 
vermilion  in  proportion  as  the  alcohol  evaporated  and  the  soap  began 
to  be  separated,  which  event  was  much  hastened  by  the  addition  of 
water.  In  order  completely  to  remove  the  alcohol,  boiling  water  was 
poured  to  the  concentrated  alcoholic  solution  of  soap,  and  the  mixture 
heated  until  all  smell  of  alcohol  had  disappeared.  In  the  first  ex- 
periments we  diluted  the  solution  of  soap  so  considerably,  that  it  ac- 
quired after  cooling,  the  consistence,  at  most,  of  thin  soap-jelly,  which 
was  transparent  and  fiery-red  in  colour.  When  this  was  shaken  up 
with  ether,  the  latter  turned  to  a  deep  orange-yellow,  not  reddish, 
while  the  soap  below  became  a  purer  red,  then  of  a  cinnabar  colour  and 
at  last  rose-red,  the  ether  apparently  extracting  chiefly  yellow  pig- 
ments, and  only  purple  ones  remaining  dissolved  or  suspended  in  the 
soap.  By  extracting  with  fresh  quantities  of  ether  we  were  finally 
enabled  to  decant  the  last  portions  colourless,  while  at  the  line  of  junc- 
tion of  the  two  liquids  there  floated  a  powdery  deposit  of  a  deep  rose- 
red  colour,  the  solution  of  soap  itself  showing  only  a  pale  rose  one. 
We  were  very  unsuccessful  in  our  attempts  to  isolate  the  rose-coloured 
substance,  as  the  mass  of  ether  deposit  could  not  be  filtered.  When 
dried  on  the  filter  paper  by  evaporation  of  the  ether  and  of  the  soap 
solution  mixed  with  it,  it  gave  up  no  colour  to  ether  or  to  bisulphide 
of  carbon,  but  imparted  a  faint  rose  tint  to  hot  alcohol  and  to  benzol, 
and  also  a  very  faint  one  to  chloroform.  Thus  this  process  enabled  us 
to  extract  orange  or  yellow  pigments  from  the  soap  by  means  of  ether, 
but  proved  to  be  inadequate  to  separate  the  purple  ones,  which  were  of 
particular  interest,  and  besides  failed  entirely  in  consequence  of  the 
ether  not  separating  properly  from  the  solution  of  soap.  After  we  had 
gained  experience  at  the  price  of  much  precious  material,  the  following 
correct  mode  of  proceeding  was  found.  The  soap  was  prepared  as 
already  described  but  with  a  moderate  excess  of  concentrated  caustic 
soda,  placed  in  the  cold  for  twenty-four  hours,  separated  by  decanting  in 
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the  form  of  a  solid  cake  from  the  completely  colourless  mother-liquor 
beneath,  coarsely  powdered  and  washed  in  cold  water,  until  the  excess  of 
alkali  was  pretty  well  removed,  i,e,  until  the  wash-water  just  began  to 
dissolve  some  of  the  soap,  which  could  be  seen  from  the  appearance  of 
a  pale  yellowish  or  reddish  tinge  in  the  filtrate.  Thus  purified  the 
soap  could  be  dried  on  the  water-bath  until  it  was  capable  of  being 
scraped  to  thin  shavings. 

For  dissolving  the  pigments  out  of  the  soap  thus  prepared,  we  can 
give  the  following  formula,  which  we  finally  adopted  after  many  experi- 
ments, which  need  not  be  related  here.  The  powder  is  first  shaken  up 
with  petroleum-ether,  and  after  a  few  minutes  filtered  off.  The  residue 
in  the  filter  is  then  washed  off  with  ordinary  ether,  and  shaken  with 
ether  as  long  as  any  colour  continues  to  be  given  up.  The  first  petro- 
leum-ether solution  is  yellowish-green,  from  a  colouring-matter  which 
we  may  call  Chlorophane.  The  second,  or  ether  solution,  is  orange, 
or,  when  dilute,  of  a  more  pure  yellow,  due  to  a  pigment  which  we  may 
call  Xanthophane.  When  the  soap  no  longer  colours  the  ether,  it  is 
of  a  fine  red  or  purple,  without  any  visible  admixture  of  orange  or  yellow, 
i.e.  neither  vermilion  nor  cinnabar.  If  it  is  not  of  a  pure  purple  colour^ 
it  is  sure  to  give  up  more  yellow  pigment  after  standing  a  long  time 
under  ether,  and  in  such  cases  we  have  found  it  expedient  to  wash  with 
slightly  warmed  alcohol,  which  though  it  removes  a  little  Bhodophane, 
as  we  may  call  the  third  pigment,  takes  up  without  failure  the  last 
remains  of  xanthophane.  The  purple  soap  now  gives  off  to  turpen- 
tine or  to  benzol  a  part  of  the  rhodophane,  so  that  clear  solutions  of 
a  superb  rose-colour  are  obtained;  in  order,  however,  to  dissolve  the 
whole  of  this  pigment  we  know  of  no  other  method,  than  either  to 
decompose  the  soap,  or  to  dissolve  it,  either  in  hot  water,  or  better  in 
boiling  alcohol,  which  give  liquids  of  a  deep  purple.  Bisulphide  of 
carbon  does  not  receive  a  trace  of  colour  from  this  purple  soap. 

The  solutions  of  chlorophane  and  of  xanthophane  are  still  in  need 
of  another  purification,  which  is  to  be  effected  with  some  loss  of  sub- 
stance by  fractional  solution,  making  use  of  the  different  solubility  of 
the  separate  pigments  in  petroleum-ether.  The  chlorophane  solution 
is  evaporated  to  dryness,  and  the  residue  is  then  extracted  with  an 
insufficient  quantity  of  petroleum-ether.  The  new  solution  indicates 
distinctly  by  its  colour,  which  now  passes  more  and  more  into  green, 
the  absence  of  the  admixture  of  xanthophane,  which  remains  undis- 
solved with  an  orange-yellow  hue.  To  purify  the  xanthophane,  its 
ether  solution  is  evaporated,  and  the  residue  washed  with  a  little  pe- 
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troleum-ether,  under  which  process  chlorophane  passes  into  solution, 
and  is  removed,  of  course  not  without  loss  of  xanthophane,  a  loss  which 
is  not  made  up  by  the  quantity  of  xanthophane  recovered  from  the  first 
solution  of  chlorophane.  The  xanthophane  free  from  chlorophane 
still  holds  some  rhodophane,  and  in  order  to  separate  this  also  from  it, 
the  solid  mass  is  treated  with  bisulphide  of  carbon,  which  leaves  the 
rhodophane  entangled  in  a  gelatinous  mass,  while  it  dissolves  the  xan- 
thophane with  a  deep  orange-red  colour.  This  solution,  immediately 
and  rapidly  evaporated,  dissolves  in  ether  with  a  fine  golden-yellow 
colour,  leaving  behind  a  small  quantity  of  a  dirty-looking  deposit  con- 
taining sulphur.  In  the  last  part  of  the  operation  special  caution  and 
very  pure  bisulphide  of  carbon  are  requisite,  as  the  pigments  easily  de- 
compose during  the  evaporation  of  this  solvent,  so  that  the  ether  used 
afterwards  gives  a  filtrate  which  is  sometimes  turbid,  but  hardly  or  very 
doubtfully  coloured.  A  rapid  manipulation  with  frequent  rinsing  of 
the  capsule,  and  very  moderate  heating,  seem  best  calculated  to  ensure 
success.  Aware  of  the  possibility  of  the  xanthophane  decomposing 
during  the  purification,  we  did  not  neglect  to  control  our  estimate  of 
its  characters  and  reactions  (these  will  be  recorded  farther  on),  by 
comparing  them  with  those  of  xanthophane  obtained  directly  by  means 
of  the  petroleum-ether,  for  the  latter  being  free  from  rhodophane,  and 
being  prepared  without  the  application  of  bisulphide  of  carbon,  might 
be  considered  as  pure  material.  The  rhodophane  left  behind  by  the 
bisulphide  of  carbon  may  of  course  still  be  made  use  of  by  drying  and 
dissolving  in  turpentine,  benzol,  or  hot  alcohol. 

As  one  and  the  same  pigments  in  diiferent  solvents  can  form  very 
differently  coloured  solutions,  and  this  has  been  observed  by  Capranica 
in  regard  to  the  more  permanent  pigments  of  the  retina,  we  have  care- 
fully noticed  the  appearance  as  well  as  the  spectroscopic  behaviour  of 
the  three  pigments  just  mentioned,  in  the  several  solvents.  The 
chlorophane  dissolves  in  ordinary  ether  with  the  same  greenish-yellow 
colour  as  in  petroleum-ether,  xanthophane  in  the  latter  as  in  the 
former,  with  the  same  tinge,  varying  from  orange-yellow  to  pure  yellow, 
and  dependent  upon  dilution,  and  never  becoming  greenish-yellow. 
Bisulphide  of  carbon  dissolves  both  with  a  deeper  hue;  chlorophane 
becoming  more  orange-yellow,  xanthophane  more  reddish-orange.  Thus 
the  difference  conspicuous  in  these  substances,  marked  especially  by  the 
greenish  tinge  of  the  chlorophane,  does  not  in  any  way  depend  on  the 
nature  of  the  solvent.  The  rhodophane,  which,  in  the  condition  in 
which  it  has  hitherto  been  obtained,  does  not  dissolve  at  all  in  bisul- 
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phide  of  carbon,  exhibited  when  dissolved  in  the  three  solvents  which 
could  be  applied  no  difierence  of  colour  such  as  could  be  recognised 
by  the  naked  eye,  though  the  several  spectra  were  in  some  respects 
different. 

After  we  had  succeeded  in  separating  the  pigments  of  the  retina  of 
the  bird  from  each  other,  we  were  in  hopes  of  clearing  them  also  from 
other  foreign  admixtures,  and  perhaps  of  obtaining  them  in  a  crystal- 
line form.  This,  however,  we  have  not  yet  been  able  to  do,  as  we  found 
no  process  by  which  to  remove  from  the  pigments  the  impurities 
caused  by  the  presence  of  slight  quantities  of  soap  or  fatty  acids.  We 
at  first  followed  the  widely  spread  assumption  that  soaps  are  insoluble 
in  benzol,  bisulphide  of  carbon,  etc.,  but  this  did  not  prove  to  be  true ; 
for  we  found,  after  evaporating  the  solutions  of  pigment,  that  all  of  the 
residues  distinctly  contained  soap,  as  was  shown  by  its  appearing  in  a 
gelatinous  condition  before  complete  dryness  was  attained,  as  well  as  by 
the  production  of  solid  fatty  acids  and  of  oily  drops  after  treatment 
with  acids.  This,  after  previous  experiments  which  we  had  made  on 
the  saponification  of  the  fatty  tissues  or  of  the  yolk  of  eggs,  surprised 
us  less  in  the  case  of  the  ethereal  solutions,  than  in  the  solutions  pre- 
pared with  petroleum-ether  or  with  benzol,  the  latter  of  which,  when 
used  to  extract  the  rhodophane,  contained  the  greatest  amount  of  soap. 
In  using  ordinary  ether,  which  absorbs  water  to  the  same  extent  to 
which  it  is  itself  soluble  in  that  fluid,  we  might  indeed  believe  that 
it  would  absorb  as  much  soap,  not  absolutely  anhydrous,  as  would  cor- 
respond to  the  water  which  it  itself  contained ;  but  this  explanation  be- 
came worthless  in  the  case  of  petroleum-ether,  which  seems  to  absorb  no 
water  at  all.  Petroleum-ether,  in  fact,  appeared  to  dissolve  soap,  even 
when  it  wa3  as  free  as  possible  from  water,  in  which  case  no  decom- 
position of  the  soap  and  passage  of  fatty  acids  into  the  ether  (the 
necessary  precursor  of  the  soaps  passing  into  solution)  could  have  taken 
place.  To  clear  up  the  matter  we  experimented  on  the  colouring-mat- 
ter of  the  yolks  of  eggs,  first  converting  the  alkali  soaps  into  baryta 
compounds,  and  submitting  the  latter  to  the  action  of  ether  or  benzole ; 
but  the  results  were  not  satisfactory  enough  to  risk  the  material  ob- 
tained with  such  great  trouble  from  the  fowl's  eyes. 

The  pigments  thus  prepared  therefore  adhered  to  soap  or  even 
possibly  were  themselves  compounds  with  alkalis.  Though  unable  to 
decide  as  to  the  latter  point,  we  think  we  should  draw  attention  to  the 
improbability  of  the  hypothesis,  for  it  would  be  necessary  to  assume 
that  such  alkali  compounds  were  insoluble  in  water,  in  order  to  under- 
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stand  why  they  cannot  be  extracted  by  heating  with  a  little  alkali  or  am- 
monia, either  from  the  retina  directly  or  from  the  fat  obtained  from  the 
retina.  As  fats  and  fatty  acids  are  soluble  in  concentrated  acetic  acid, 
it  is  easily  understood  why  dried  retinas  also  give  up  their  pigments  to 
this  reagent  and  also  why  all  mixtures  of  the  soaps  with  the  pigments 
obtained  from  the  retina  dissolve  in  glacial  acetic  acid  without  losing 
their  characteristic  colours.  From  such  solutions  water  separates  out 
the  fatty  acids,  and  to  these  the  pigments  always  adhere.  We  have 
also  dissolved  the  deeply  coloured  soaps  in  hot  alcohol,  treated  them 
with  a  little  glacial  acetic  acid  (by  which  the  colour  was  changed  in  one 
case  only),  and  then  diluted  them  with  water.  By  this  process  the 
fatty  acids  were  sepaittted  out,  partly  in  crystals,  partly  in  oily  drops, 
but  from  these  again  the  pigments  could  not  be  separated.  Once 
attached  by  such  a  treatment  to  fatty  acids  instead  of  to  soaps,  the 
several  pigments  no  longer  showed  any  differences  in  solubility,  since 
now  the  rhodophane  easily  dissolved  in  bisulphide  of  carbon,  in  ether 
and  petroleum-ether,  and  xanthophane  also  rapidly  dissolved  in  petro^ 
leum-ether,  because  the  fatty  acids  soluble  in  all  the  above-mentioned 
agents  now  formed  the  vehicle  for  the  pigments.  The  decomposition 
of  the  soaps  by  means  of  acids  affords  at  all  events  a  good  method  for 
preparing  every  kind  of  solution,  even  of  rhodophane,  of  any  degree  of 
concentration.  Rhodophane  is  then,  when  existing  in  a  mixture  with 
free  fatty  acids,  soluble  even  in  bisulphide  of  carbon,  and  when  thus 
dissolved  takes,  in  contrast  with  chlorophane  and  xanthophane,  no 
other  shade  than  the  purple-red  one  characteristic  of  its  other  solvents. 
Dissolved  with  the  soap  in  hot  alcohol  and  treated  with  an  excess  of 
glacial  acetic  acid,  we  saw  this  beautiful  colour  gradually  turn  yel- 
lowish, and  after  48  hours  completely  disappear,  the  decomposition 
taking  place  not  more  rapidly  in  light  than  in  the  dark. 

Since  the  experience  thus  far  gained  admitted  already  of  some 
physiological  application,  we  for  the  present  ceased  from  any  further 
endeavours  to  obtain  the  retinal  pigments  in  a  state  of  perfect  chemical 
purity.  The  mixtures  of  the  pigment-soaps,  for  instance,  would  be 
exceedingly  useful  to  prepare  aqueous  solutions  and  thus  to  decide  the 
question  raised  as  to  the  sensitiveness  of  these  pigments  to  light, 
fiven  in  the  soap  directly  obtained  from  the  fat,  no  notable  tendency 
to  undergo  changes  in  light  was  to  be  observed,  although  we  had  in 
general  made  our  preparations  as  much  as  possible  in  the  absence  of 
light,  though  not  with  such  painful  care  as  in  working  with  "  visual- 
purple."    As,  however,  the  deep  colour  of  the  rhodophane  rendered  the 
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chlorophane  and  xanthophane  nearly  imperceptible  in  the  mixture,  and 
whereas  it  was  possible  that  these  latter  only  were  sensitive  to  light, 
they  were  also  separately  transferred  into  watery  solutions.  The  quan- 
tity of  soap  which  still  adhered  to  them  as  an  impurity  was  so  small, 
that>  with  boiling  water,  no  coloured  liquids  were  to  be  obtained,  and 
very  slightly  coloured  ones  with  an  excess  of  alkalies.  Solution,  how- 
ever, was  readily  eflfected  with  a  5  per  cent,  bile  salt  solution,  which  ab- 
sorbed all  three  pigments  in  considerable  quantity.  The  solutions  passed 
through  the  filter  clear,  only  after  standing  about  24  hours.  We  did 
not  find  them  more  variable  in  light  than  those  hitherto  prepared  with 
agents  free  from  water.  That  which  was  most  faded,  after  many  days' 
exposure  to  the  winter  sun,  was  the  chlorophane,  then  the  xanthophane, 
whilst  the  rhodophane  showed  no  change  whatever,  when  we  held  it 
beside  a  specimen  prepared  in  the  dark  for  comparison.  On  the  other 
hand,  the  solution  of  this  substance  in  oil  of  turpentine  is  very  incon- 
stant, but  not  less  so  in  the  dark  than  in  light,  which  is  evidently  to  be 
explained  by  the  fact  that  the  turpentine  becomes  ozonised  and  thus 
bleaches  the  pigment  We  must  therefore  answer  our  question,  as  to 
whether  any  products  of  the  coloured  fats  of  the  bird's  retina,  if  dis- 
solved in  another  menstruum,  would  be  sensitive  to  light  after  the 
fashion  of  the  visual-purple,  decidedly  in  the  negative. 

The  mode  of  preparation  of  the  pigments  thus  described  renders 
inevitable  a  discussion  as  to  their  preexistence  in  the  retina.  A 
spectral  analysis  would  of  course  afford  the  most  conclusive  means  of 
deciding,  but  the  apparq^tus  was  wantiQg,  which  would  have  enabled 
us  to  have  carried  out  the  necessary  observations  on  the  microscopic 
preparation  of  the  retina  with  sufficient  exactness ;  for  instance  with 
Browning's  spectroscopic  ocular,  which  Talma*  used  for  this  purpose, 
we  could  only  succeed  in  obtaining  very  diffuse  images,  from  which  we 
did  not  feel  confident  to  make  statements  regarding  the  spectra  of  the 
pigments  contained  in  the  separate  coloured  globules. 

Those,  who  know  the  microscopic  appearance  of  the  bird's  retina, 
cannot  doubt  that  it  contains  at  least  three  colours,  one  a  ruby-red, 
another  varying  from  an  orange  to  pure  yellow,  and  a  third  a  greenish- 
yellow.  It  is  therefore  incomprehensible  how  any  one  could,  contrary  to 
all  ocular  demonstration,  believe  that  appearances  so  different  all  arise 
from  a  single  pigment.  There  is  no  need  of  dwelling  on  the  fact  that 
the  eye  often  deceives  us,  since  nobody  doubts  this,  but  it  is  dangerous 

•  Onderzoekingen  g,  i.  h,  phytioU  Lab,  t,  Utrecht^  Vol.  III.  ii.  p.  269. . 
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to  be  blind  to  evidence  of  the  kind  which  we  have  before  us.  If  there 
were  only  ruby-red  and  orange  fat-globules  in  the  cones,  it  would 
indeed  be  credible,  that  the  latter  contained  the  same  red  substance  as 
the  former,  but  in  a  more  dilute  solution ;  but  the  hypothesis  that  the 
colour  of  the  greenishryellow  cone-globules  of  the  bird's  retina  arises 
also  from  the  same  single  pigment,  presupposes  something  which  is 
impossible  without  fluorescence  or  dichroism,  namely,  that  green  of  un- 
doubted distinctness  could  arise  by  dilution  from  red  or  orange. 

We  dried  preparations  of  the  retina  on  cover-slips,  and  then  treated 
them  with  alcohol,  with  ether,  with  benzol,  etc.,  in  order  to  see  how  the 
colours  of  the  cone-globules  changed  while  swelling  up  through  dilution 
of  the  solution,  and  we  convinced  ourselves  that  even  the  largest  and 
palest  drops  still  allowed  the  three  colours  to  be  distinguished,  especially 
when  the  drops  lay  close  together,  or  at  the  moment  when  they  ran 
into  each  other;  we  should  even  be  inclined  to  maintain,  that  the 
difference  between  the  pale  yellow  drops,  formed  by  dilution  from 
the  original  orange-coloured  ones,  and  some  of  the  slightly  enlarged, 
intensely  green-yellow  ones  became  more  distinct  by  this  process  than 
before.  On  the  other  hand,  we  are  of  opinion  that  the  ruby-red  glo- 
bules do  not  quite  correspond  with  the  appearance  of  rhodophane,  but 
approach  more  to  a  pure  red,  than  the  isolated  pigment  does ;  which  is, 
however,  easily  understood,  if  they  contain  in  addition  some  xantho- 
phane*.  In  the  pigeon's  retina,  the  rhodophane,  contained  in  very 
minute  particles,  probably  themselves  consisting  of  fat,  is  seen  lying 
scattered  in  the  finest  distribution  in  the  inner  limbs  of  many  cones, 
and  having  there  the  same  unmistakable  rose-red  or  purple  shade 
which  the  rhodophane  prepared  by  us  possesses.  We  know,  therefore, 
how  this  body  looks  in  situ,  and  in  the  state  of  finest  distribution  or 
of  optical  dilution :  and  even  then  it  in  no  way  passes  into  orange  or 
greenish-yellow.  Where  the  larger  ruby-red  globules  are  changed  by 
proper  solvents  into  larger  drops  in  more  dilute  contents,  there  is  no  si- 
milarity between  these  and  the  orange-coloured  globules,  much  less  the 
greenish  ones.  Consequently  the  pigments  prepared  by  us  agree  very 
exactly  with  the  colours  conspicuous  and  distinguishable  in  the  fat- 
globules  of  the  cones  of  the  fresh  retina.  As  to  the  existence  of  blue 
globules  which  some  assume,  we  were  unable,  in  the  fowl,  or  pigeon,  to 
see  them  when  we  took  care  to  exclude  deceptions  arising  from  contrast, 

*  In  the  falcon  Schwalbe  found  {Handbuch  der  Ophtlialmologie  v,  Oraefe  und 
SaemUch,  VoL  i.  p.  414),  in  apparently  oraiige-coloared  globules,  two  colour-subBtances 
visibly  separated,  a  light-green  one  enoirding  a  red  one. 


THE  STABLE  COLOURS  OF  THE  RETINA.  121 

or  to  obtain  blue  pigment  in  substance  though  we  employed  various 
modes  of  separation  (e.^r.,  colourless  fats  were  tried  as  solvents  of  the 
isolated  pigments  and  soaps). 

Further  means  of  proving  the  identity  of  the  extracted  pigments 
with  those  existing,  in  situ,  in  the  retina  were  furnished  by  the  green- 
ish-blue and  blue  reactions  with  iodine,  discovered  by  Schwalbe.  As 
long  as  the  pigments  remained  combined  with  fat,  we  tried  in  vain  to 
colour  them  after  their  removal  from  the  retina  by  means  of  iodine, 
and  therefore  had  occasion  to  enquire  as  to  whether  there  was  con- 
tained in  the  cone-globules,  besides  the  coloured  fats,  a  second  substance 
to  which  Schwalbe *s  reactions  could  be  referred.  As  colourless  cone- 
globules  are  not  tinged  blue  by  iodine,  and  the  intensity  of  the  reaction 
appeared  to  be  only  dependent  on  the  quantity  of  colouring-matter  in 
the  oil-drop,  the  hypothesis  was  scarcely  probable,  and,  in  fact,  we  did 
not  succeed  in  producing  on  retinas,  which  had  once  given  up  their 
colour  by  extraction,  any  more  colouration  by  means  of  iodine.  In  the 
case  of  the  fresh  retina,  it  is  not  altogether  easy  to  show  that  all  colour- 
globules,  and  especially  the  lighter  ones,  give  the  iodine  reaction;  it 
needs  long  treatment  with  an  excess  of  the  reagent.  It  is,  accord- 
ingly, not  surprising,  that  the  mixture  of  all  the  retinal  fats  in  which 
the  pigment  in  the  ether  extract  is  dissolved,  should  become  an  obstacle 
to  the  proper  action  of  the  reagent. 

We  have  tried  the  experiment  with  iodine  solutions  of  the  most 
different  kinds :  with  alcoholic  solutions,  with  aqueous  iodide  of  potas- 
sium solutions,  and  with  mixtures  of  both ;  but  always  to  no  effect. 
We  do  not  doubt,  however,  that  the  reaction  when  properly  applied 
would  succeed,  for  with  the  isolated  pigments  we  obtained  it  perfectly, 
Chlorophane  and  xanthophane  give  the  greenish-blue  colour  best,  whereas 
in  the  case  of  rhodophane  it  came  out  darker,  but  more  dingy  and  some- 
what greenish.  The  masses  being  always  somewhat  alkaline,  on  account 
of  the  admixture  of  a  quantity  of  soap,  it  was  found  expedient,  in  the 
case  of  all  three  substances,  to  treat  them  first  with  a  trace  of  acetic 
acid.  From  this  it  is  seen,  that  the  reaction  of  iodine  affords  further 
proof  of  the  agreement  of  the  extracted  pigments  with  those  in  their 
natural  condition  in  the  retina,  and  it  deserves  to  be  particularly 
noticed,  that  the  peculiarly  dingy  colour  of  the  rhodophane,  under  the 
action  of  iodine,  may  be  also  recognised  in  the  retina,  if  we  call  in 
mind  the  peculiar  tint  which  the  diffuse  red  pigment  of  the  inner 
limbs  of  the  cones  acquires  under  the  influence  of  iodine,  in  those 
regions  of  the  pigeon's  retina  which  are  conspicuous  by  their  red  colour. 
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Nitric  acid  and  concentrated  sulphuric  acid,  according  to  Capra- 
nica's  statement*,  tinge  the  coloured  globules,  and  the  coloured  fat 
extracted  from  them,  dark  greenish-blue  or  blue.  We  obtained  the 
reaction  with  nitric  acid  which  contained  a  little  nitrous  acid,  from  the 
separate  pigments  also,  the  weakest  from  rhodophane,  which  became 
only  for  a  moment  pale  bluish-green,  and  soon  lost  its  colour  entirely ; 
the  reaction  was  stronger  and  less  transient  with  xanthophane  and 
chlorophane.  With  sulphuric  acid  there  were  similar  differences,  for 
the  two  latter  pigments  only  became  a  purer  blue,  while  the  former, 
after  appearing  momentarily  blue-black,  became  dark  brown.  In  the 
retina  the  reaction  with  sulphuric  acid  is  not  seen  so  well,  because  its 
albuminoid  substances  become  too  dark,  and  the  fat  in  general  red,  so 
that  a  mixture  of  colours  results. 

After  the  foregoing  comparisons,  the  preexistence  in  the  retina  of 
the  three  substances  found  by  us  cannot  well  be  any  longer  doubted, 
and  it  must  also  be  admitted,  that  the  coloured  cone-globules  contain 
pigments  which  decompose  with  very  great  diflSculty,  which  are  not  to 
any  appreciable  extent  sensitive  to  light,  and  which  are  stable,  not 
only  when  dissolved  in  fats,  but  even  under  the  influence  of  boiling 
heat  as  well  as  during  the  process  of  saponification  by  concentrated 
alkali. 

If  the  bird's  retina  contains  several  very  diflTerent  pigments,  as  has 
been  shown^  the  spectroscopic  examination  of  a  solution  prepared  so  as  to 
contain,  besides  the  fat,  all  the  pigments  together,  affords  but  slight 
prospects  of  exactly  determining  the  quality  of  the  light  which  passes 
through  the  coloured  globules  to  the  outer  limbs  of  the  cones.  Hence 
we  attach  special  value  to  the  spectroscopic  results,  to  be  discussed  in 
the  following  paragraphs,  obtained  from  the  separate  pigments.  We 
exhibit  on  PI.  rv.  fig.  14,  PI.  v.  fig.  15,  chiefly  for  the  sake  of  contrast, 
the  spectra  of  the  mixed  pigments  combined  with  fat,  and  dissolved  in 
ether  and  in  bisulphide  of  carbon.  These,  and  all  the  other  spectra, 
were  taken  from  observations  which  we  made  in  clear  day-light  or  sun- 
light, by  aid  of  the  heliostat,  with  proper  exclusion  of  too  intense  sun- 
light, as  well  as  of  the  parts  of  the  spectrum  not  needed.  We  have  not 
employed  the  usual  artistic  method  of  reproducing  the  absorption  . 
bands,  because  they  seldom  come  out  in  print  corresponding  exactly  to 
the  drawings,  and  preferred  in  their  stead  the  clearer  and  more  accu- 
rate representation  in  the  form  of  curves,  now  so  much  more  used 

•  Areh.f,  Ami.  u.  Phytiol  1877,  Heft  8,  p.  285. 
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in  chemistry.  We  have  attempted  to  reproduce  as  truly  as  possible 
the  positions  of  the  maximum  absorption  and  of  its  increase  and 
diminution,  also  the  relative  darkness  of  the  separate  bands,  and  the 
occurrence  of  diffuse  absorption  at  the  ends  of  the  spectra.  All  the 
solutions  being  poured  into  a  Hermann's  hsBmoscope,  which  allowed 
a  range  in  the  thickness  of  the  layer  examined  from  0  to  35  mm.,  were 
placed  before  the  slit,  and  examined  in  such  a  manner,  that  we  could 
judge,  as  the  layer  slowly  grew  wider,  which  shadows  first  appeared, 
and  which  portions  of  the  separate  bands  succeeded  each  other ;  and 
from  these  data  the  measurements  of  the  heights  and  forms  of  the  curves 
were  determined.  Where  we  believed,  as,  in  the  case  of  chlorophane,  in 
the  red  or  orange,  that  we  might  suppose  the  absorption  to  be  small, 
tubes  with  flat  closed  ends,  and  from  10 — 20  ctm.  in  length,  were  used. 
As  the  hsemoscope  had  to  receive  liquids  which  dissolve  pitch-cement, 
and  for  which  it  was  not  originally  constructed,  we  used  an  instrument 
put  together  with  a  lime  cement,  and  greased  the  sliding  cylinders, 
when  necessary,  with  glycerine  instead  of  with  fat. 

The  spectrum,  Fig.  14,  of  the  mixed  pigments  shows  the  second  broad 
band  considerably  fainter  than  the  first  one  beginning  before  F,  and 
also  corresponding  to  the  prevalence  of  yellow,  a  strong  absorption  at 
the  beginning  of  the  violet,  while  Fig.  15  exhibits  the  bands  pushed 
far  towards  the  red  end,  and  a  total  clearing  up  in  the  violet.  This  is 
something  peculiar  to  the  mixed  solutions  in  carbon  bisulphide,  and 
agrees  with  the  change  of  tints  directly  visible  to  the  naked  eye.  The 
second  band,  Y\g,  15,  may,  in  a  good  light  and  sufficiently  thin  layer 
of  fluid,  be  seen  double,  although  the  two  shadows  are  then  very  faint. 

Fig.  16  shows  a  feature  of  chlorophane,  which  holds  good  both  for 
solutions  in  ordinary  ether,  and  for  those  in  petroleum-ether.  These 
solutions  let  through  much  more  violet,  but  less  blue  and  far  more 
green,  than  the  mixture  of  the  three  pigments.  The  most  concentrated 
solution  that  we  could  obtain,  gave  in  a  layer  of  20  mm.  thickness  the 
spectrum  represented  in  the  drawing,  but  in  a  thickness  20  ctm.  ex-^ 
hibited  no  absorption  either  in  the  red  after  A  or  anywhere  before  6. 

Dissolved  in  carbon  bisulphide,  the  chlorophane  turned  orange-yel- 
low, the  green  becoming  imperceptible,  and  the  spectrum  (Fig.  20)  now 
showed  more  indigo  and  blue,  the  green  being  covered,  up  to  F,  by  the 
first  band.  After  evaporation  of  carbon  bisulphide,  and  being  again 
dissolved  in  ether,  it  again  gave  the  spectrum.  Fig.  16. 

Xanthophane  freed  from  chlorophane  gave  only  one  band  (Fig.  17), 
beginning  before  F,  and  a  strong  shading  of  the  violet,  which  began 
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already  in  the  indigo ;  dissolved  in  carbon  bisulphide  (Fig.  21),  much 
stronger  absorption  of  the  indigo  and  violet  was  visible,  beginning  in 
the  blue,  and  a  band  beginning  directly  behind  E ;  the  colour  of  the 
solution  approached  very  nearly  to  that  of  the  spectral  red  from  B  to 
C.  Xanthophane  therefore  is  not  altered  by  being  simply  dissolved  in 
carbon  bisulphide,  for  if,  after  evaporation  of  the  carbon  bisulphide,  it 
was  redissolved  in  ether,  the  previous  spectrum  (Fig.  17)  was  again 
obtained. 

The  solutions  of  rhodophane  showed  also  only  one  band  of  ab- 
sorption, but  of  considerable  breadth,  which,  in  the  benzol  solution, 
spread  over  E  and  F.  In  the  solution  in  turpentine-oil,  it  began  be- 
tween  b  and  F,  and  occupied  chiefly  the  space  between  F  and  G 
(Fig.  19).  The  two  spectra  showed  diflTerences  in  the  absorption  of 
violet,  and  the  solutions  did  not  appear  exactly  alike  to  the  eye,  the 
benzol  solution  being  a  little  lighter,  and  more  rose-coloured. 

It  being  impossible  to  obtain  the  spectra  Figs.  14  and  15  of  the 
mixed  pigments  by  superposition  of  the  separate  spectra,  we  tried  to 
reproduce  from  the  purified  pigments  a  mixed  solution  of  the  same 
character  as  the  original  one.  After  decomposition  of  the  soaps  with 
acids,  this  was  practicable  for  all  of  the  substances,  especially  for 
rhodophane  when  ether  and  bisulphide  of  carbon  were  used  as  solvents; 
but  we  soon  gave  up  these  attempts,  when  we  saw  that  the  experiment 
cost  more  material  than  the  result  would  justify. 

From  the  same  author,  to  whom  we  are  indebted  fot  the  attempt  to 
derive  the  different  colours  of  the  bird's  retina  from  a  single  pigment, 
comes  the  further  daring  assertion,  that  this  single  substance  (which 
does  not  exist)  is  identical  with  the  yellow  pigment  of  the  fat-globules 
in  the  epithelium  of  the  frog's  retina.  We  were  able  to  obtain  this 
body  in  sufficient  quantities  from  the  remainder  of  the  frogs'  eyes 
which  had  been  used  in  the  preparation  of  "  visual-purple,"  for  we  had 
been  careful  to  throw  immediately  into  alcohol  all  choroids  with  their 
retinal  epithelium,  and  also  the  posterior  hemispheres  carefully  cleaned, 
if  they  were  of  no  other  use.  Thus,  as  in  the  case  of  the  birds'  eyes, 
the  yellow  fat  of  several  thousand  frogs'  eyes  was  obtained,  and  from 
this  was  procured  a  soap  containing  the  yellow  pigment. 

We  now  always  easily  succeeded  in  freeing  completely  from  all 
colouring  substances  the  dilute  solution  of  soap  by  agitating 
it  with  ether.  We  also  obtained  the  pigment  itself,  at  least  much 
freer  from  soaps,  and  more  in  the  form  of  hard  crusts,  which  separated 
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out  even  before  complete  evaporation.    The  attempt  to  get  it  in  a  crys- 
talline form  was  not  successful,  whatever  solvent  we  used. 

Schwalbe's  iodine  reaction,  which  Boll  obtained  on  the  fat-globules 
of  the  retinal  epithelium  of  the  frog,  succeeded  admirably  with  this  pig- 
ment, also  the  colouring  with  ammonia  and  sulphuric  acid.  In  order  to 
ascertain  with  certainty  how  the  retinal  fat  of  the  frog  behaved  in 
comparison  with  that  of  the  fowl,  we  prepared  a  part  of  the  soap  ob- 
tained from  the  former  in  the  same  manner  as  we  did  that  from  the 
latter ;  that  is  to  say,  we  first  obtained  it  in  a  dry  state,  and  then  ex- 
tracted it  with  petroleum-ether.  By  this  solvent  all  the  pigment  could 
be  separated  out,  so  that  the  soap  became  entirely  colourless,  and  the 
solution  became  of  a  pure  yellow  colour  only,  neither  a  greenish  nor  an 
orange  or  red  tint  being  seen ;  this  pigment,  like  that  of  the  fowl,  could 
be  transferred  with  ease  to  ordinary  ether. 

In  Fig.  1  is  represented  the  spectinim  of  the  solution  of  the  retinal 
epithelium  in  ether,  in  Fig.  3  that  of  the  purified  pigment,  which  we  will 
call  lipochrine ;  the  two  spectra  possessing,  as  is  seen,  great  similarity. 
This  is  to  be  expected,  if  the  fat  contains  only  one  pigment ;  and  we 
must  draw  attention  to  this  striking  difference  as  compared  to  the  ap- 
pearances of  the  pigment-spectra,  and  of  the  fat-spectrum  of  the  bird's 
retina.  Although  these  spectra  resemble  each  other,  nevertheless  cer- 
tain differences  exist,  probably  on  account  of  the  presence  of  fat,  which 
possibly  may  be  of  great  influence  on  the  tint  of  the  solutions.  In 
all  spectra  of  lipochrine,  there  is  to  be  remarked  a  less  absorption  in  the 
region  of  the  first  band  in  comparison  with  that  of  the  second,  a  cir- 
cumstance which  only  occurs  with  the  chlorophane  of  the  bird's  retina 
in  ethereal  solutions,  as  in  Fig.  16.  Dissolved  in  carbon  bisulphide, 
lipochrine  gives  the  spectrum  Fig.  6,  which  besides  the  marked  dis- 
placement of  the  bands  up  to  E,  shows  even  in  concentrated  solutions 
a  total  transmission  of  the  violet.  If  fat  is  dissolved,  together  with  the 
pigment,  in  carbon  bisulphide,  the  spectrum  in  Fig.  4  is  obtained,  which 
is  again  different,  showing  less  violet,  and  the  first  band  beginning 
shortly  before  E. 

The  fact  already  mentioned  in  the  Unters.  a.  d.  FhysioL  Inst.  z. 
Heidelhergy  Heft  3,  p.  289,  that  the  rabbit,  whose  fat-tissue  is  very  pale, 
also  has,  in  the  retinal  epithelium,  nearly  colourless  fat-globules,  led  us 
to  compare  the  pigment  of  the  lobed  fatty  bodies  in  the  abdomen  of 
the  frog  with  the  peculiar  retinal  pigment  of  this  animal;  and  as  the 
investigation  was  carried  on  by  the  same  methods  as  before,  and  the 
results  coincided  completely  with  that  recorded  of  the  retinal  epithe- 
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Hum,  we  confine  ourselves  to  giving  the  evidence  shown  by  the  spectra 
of  Figs.  2  and  5,  Figs.  3  and  4.  This  pigment  too  gave  the  pre- 
viously mentioned  reaction  with  iodine  (although  it  is  true  no  trace 
could  be  produced  on  the  fat-cells  of  the  tissue  itself),  and  also  the  blue 
or  green  colouration  with  ammonia  and  sulphuric  acid.  In  the  spectra 
we  beg  to  call  attention  to  the  very  distinct  and  uniform  difference  in 
height  of  the  two  curves.  This  goes  far  to  prove  the  identity  of  the 
pigments  in  these  tissues,  so  very  different  in  origin  and  function;  that 
is,  of  the  one  occurring  in  the  epithelial  cells  of  the  frog's  retina,  and 
the  one  distributed  in  the  ordinary  adipose  tissue. 

As  the  lobules  of  the  fatty  bodies  fade  considerably  in  several  days 
when  kept  moist,  and  in  a  single  day  if  exposed  to  the  sun,  so  do  also 
the  solutions  of  their  fat  in  alcohol  or  in  ether  and  those  of  the 
lipochrine  extracted  from  their  soap.  Dissolved  in  bile,  the  pigment 
did  not  fade  sooner ;  in  a  very  dilute  solution  on  a  white  ground,  and 
in  a  thin  layer,  it  lasted  at  the  longest  2 — 3  hours,  before  the  colour 
was  entirely  gone.  This,  however,  was  accomplished  only  in  July,  be- 
tween 12  and  3  o'clock,  under  a  maximum  action  of  direct  sunlight, 
at  a  temperature  kept  at  12^0.  by  syringing  with  water. 

After  this  experiment  further  investigations  on  the  yeUow  pigment 
of  the  fat  of  different  animals  offer  great  interest,  and  it  would  be 
especially  important  to  know,  whether  there  are  mammals,  in  which 
fat-drops  identical  in  colour  with  those  of  the  fat  of  other  regions 
occur  in  the  retinal  epithelium.  In  man,  whose  fat  is  known  to  be 
yellow,  we  utterly  failed  to  discover  distinct  fat-drops  in  the  retiual 
epithelium ;  also  in  the  pig  and  cow,  where  we  hoped  to  find  pale  re- 
tinal fat.  The  skin  of  frogs  gives  up  to  alcohol  and  ether  yellowish- 
green  fats,  from  which  we  obtained  by  saponification  a  substance  not 
differing  from  lipochrine. 

We  n6ed  not  further  insist  that  it  is  absurd  to  believe  that  the 
yellow  pigment  of  frog's  fat  is  identical  with  the  mixture  of  the  three 
pigments  of  the  bird's  retina ;  but  the  question  still  remained  for  us  to 
investigate,  whether  lipochrine  was  not  identical  with  one  of  them, 
either  with  chlorophane  or  xanthophane,  which  it  sometimes  resembles 
in  appearance.  But  its  solutions  are  neither  so  greenish  as  those  of 
chlorophane,  nor  so  orange-yellow  as  those  of  xanthophane,  if  we  may 
judge  from  liquids  tolerably  equally  concentrated ;  in  a  solid  form  or 
powdered  with  the  fat  it  is  most  similar  to  chlorophane,  the  green  tint 
of  which  under  the  like  circumstances  is  less  pronounced  than  usual. 
It  is  only  neceRsary,  however,  to  compare  the  spectra,  Figs.  3  and  6, 
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of  lipochrine  with  those  of  chlorophane,  to  discover  such  vast  differences, 
that  every  thought  of  identity  of  the  two  bodies  must  vanish.  While 
the  first  band  of  chlorophane  begins  some  distance  behind  F,  the  first 
one  of  lipochrine  passes  considerably  beyond  F ;  the  second  band  of  the 
former  extends  over  G,  while  that  of  the  other  ceases  long  before  G 
(cf.  Figs.  3  and  16).  In  the  solutions  of  bisulphide  of  carbon^  a  similar 
relation  is  observed  with  reference  to  the  lines  E,  6,  and  F,  between 
the  two  bands  which  are,  however,  then  shifted  towards  the  red  (cf. 
Fig.  6  and  Fig.  20). 

A  comparison  between  xanthophane  and  lipochrine  is  made  imprac- 
ticable from  the  fact  that  the  spectra  of  the  former  are  all  one-banded ; 
and  to  look  upon  lipochrine  as  a  mixture  of  xanthophane  and  chlorophane 
would,  apart  from  other  reasons,  be  inadmissible  because  the  methods 
of  separation  which  succeed  perfectly  with  the  mixture  of  these  bodies 
in  the  bird's  retina^  never,  as  already  remarked,  produce  two  pigments 
when  applied  to  the  adipose  tissue  or  to  the  retinal  epithelium  of 
the  frog. 

Consequently,  in  all  no  less  than  four  distinct  colour-substances 
of  great  stability  have  been  discovered  in  the  retina^  including  the 
retinal  epithelium,  besides  the  black  pigment,  which  needs  not  to  be 
discussed  here. 

Already  Thudichum*  and  others  have  pointed  out  the  similarity 
between  the  pigment  of  the  yellow  animal  fats  and  that  of  the  yolk  of 
hens'  eggs  and  of  the  corpora  lutea,  and  even  that  of  many  yellow  parts 
of  plants.  We  therefore  subjected  the  yolk  of  eggs  and  the  corpora  ItUea, 
after  the  methods  followed  in  the  case  of  the  retina^  to  a  brief  investi- 
gation. Fig.  7  shows  the  spectrum  of  an  extract  obtained  by  agitating 
fresh  yolk  of  egg  with  a  little  alcohol  and  much  ether.  It  is  similar,  with 
regard  to  the  two  bands,  to  that  of  the  frog's  fat  (Figs.  1  and  2),  but 
at  G  a  third  faint  band  is  observed  in  it,  and  a  much  less  absorption  of 
the  violet.  This  third  band,  described  and  figured  by  Prey  erf,  and 
denied  of  late  by  others,  is  only  to  be  brought  to  view  in  a  good  light 
and  with  a  very  narrow  slit,  after  suitable  adjustment  of  the  thickness  of 
the  layer  by  means  of  the  hsBmoscope.  Sometimes,  however,  the  most 
careful  experiment  will  not  succeed  in  proving  its  presence ;  and  this 
we  were  able  to  trace  to  the  well-known  differences,  either  individual 
or  depending  on  the  variety  of  hen,  which  appear  in  the  colouring 
of  the  yolks.    A  third  band  at  G,  but  moved  towards  the  red,  appeared 

•  Centrdlblattf,  d,  Med,  Wuteruehaft,  1869,  SI  1. 
t  Die  BlutkrystalU,  Jena,  1871,  Tal.  n.  fig.  18. 
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more  constantly  in  the  solutions  of  bi-sulphide  of  carbon  (Fig.  10), 
obtained  from  the  residue  resulting  from  the  evaporation  of  the  ether- 
solution  of  the  yolk-fat.  Both  petroleum-ether  and  ordinary  ether 
extracted  from  dry  yolk-soap  the  entire  pigment,  the  behaviour  of  which 
before  the  spectroscope  is  shown  in  Figs:  8,  9  and  11.  The  resemblance 
of  these  spectra  of  the  purified  substance  to  those  of  lipochrine  is  indeed 
somewhat  remarkable;  but  we  must  draw  attention  to  two  essential 
differences  presented  by  the  ethereal  solutions :  the  bands  of  the  yolk- 
pigment  begin,  1st,  always  close  by  F,  while  their  commencement  in  the 
case  of  lipochrine  falls  without  exception  and  with  great  distinctness  in 
the  space  between  h  and  F ;  and  2ndly,  the  absorption  in  the  case  of  the 
egg-pigment  is  never  fainter  at  the  first  band  a  than  at  the  second,  as 
is  constantly  the  case  with  lipochrine.  These  differences  seem  to  us 
of  so  great  weight,  and  of  themselves  such  an  obstacle  to  an  assumption 
of  identity,  that  it  hardly  adds  further  weight  to  the  argument  to 
note  that  the  spectra  of  the  carbon  bisulphide  solutions  exhibit  such 
marked  contrasts  with  regard  to  the  diffuse  absorption  of  the  violet 
end,  as  those  represented  in  Figs.  6  and  11. 

In  our  efforts  to  obtain  from  the  yolk-soap  by  fractional  extractions 
several  solutions  distinct  in  colour  or  in  behaviour  before  the  spectro- 
scope, we  were  as  little  successful  as  in  the  preparation  of  crystalline 
pigments.  We  were  struck  by  the  somewhat  greater  solubility  of  the 
amorphous  mass  in  dilute  caustic  soda,  perceptible  in  the  bright  yellow 
colouring  of  the  filtrate,  and  presenting  a  strong  contrast  to  the  hardly 
noticeable  tinge  which  the  pigments  before  named  gave  up  to  alkalies. 
This  difference,  however,  may  result  from  admixtures  difficult  of  re- 
moval. As  already  observed  the  production  of  yolk-soaps  by  means  of 
baryta-compounds  led  to  no  other  result  than  those  arrived  at  by  the 
method  ordinarily  pursued  by  us ;  indeed  the  baryta-soaps,  dried  to  a 
powder,  had  the  disadvantage  of  swelling  up  in  ether  and  thus  producing 
a  mass  extremely  difficult  to  filter.  The  sensitiveness  to  light  of  the 
yolk-pigment  was  found  by  us  to  be,  in  the  ethereal  and  alcoholic 
solutions,  or  after  being  taken  up  with  bile,  about  the  same  as  that  of 
lipochrine,  and  therefore  also  greater  than  that  of  the  stable  pigments 
in  the  bird's  retina. 

In  Figs.  12  and  13  we  have  added  copies  of  the  spectra  of  solutions 
of  lutein  from  the  saponified  residue  of  ether-extracts  of  the  corpora 
lutea  of  the  cow.  As  is  seen,  the  resemblance  between  the  ethereal 
solution  of  this  and  that  of  the  purified  egg-yolk  is  nearly  perfect; 
in  the  carbon  bisulphide  solution  the  resemblance  does  not  exist,  inas- 
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much  as  Fig.  13  alone  shows  a  total  clearing  up  in  the  violet.  It  is 
not  permissible  to  refer  this  to  various  degrees  of  concentration,  be- 
cause the  differences  represented  in  the  drawing  were  most  distinct 
just  at  that  moment,  when  each  of  the  solutions  allowed  the  two  bands 
lying  in  the  green  and  the  blue  to  appear  with  equal  distinctness. 
Dissolved  in  petroleum-ether  lutein  gives  a  spectrum  which  slightly 
differs  from  that  of  the  ethereal  solution,  that  is  only  in  the  position 
of  the  first  band.     In  Fig.  12  it  is  denoted  by  the  dotted  curve. 

The  behaviour  of  egg-yolk  and  of  lutein  under  strong  ammonia  and 
sulphuric  acid  has  been  long  known.  We  succeeded,  as  did  Capranica, 
in  producing  distinctly  on  lutein  Schwalbe's  iodine  reaction,  while 
the  yolk-pigment  became,  with  this  reagent,  simply  a  dirtier  yellow. 

As  none  of  all  the  pigments  here  discussed  has  yet  been  prepared 
in  a  state  of  perfect 'chemical  purity,  exact  speculations  as  to  their 
chemical  affinity  must  for  the  present  be  withheld.  We  know  that 
in  the  case  of  lutein,  individual  reactions  and  relations  of  solubility 
led  to  its  being  confounded  with  biliruhin,  and  to  so  great  an  error 
in  the  doctrine  of  the  colouring  substances  of  bile,  that  much  work 
and  trouble  were  necessary  to  clear  the  matter  up.  And  even  though 
the  chemical  knowledge  of  the  substances  confounded  had  only  b^;un 
to  be  developed,  that  error  would  never  have  been  committed,  had 
differences  like  those  here  described  between  pigments  been  taken  note 
of  &om  the  beginning.  Without  question  the  optical  methods  are  of 
extraordinary  exactness,  and  with  substances  which  can  only  be  ob- 
tained in  very  small  quantities,  they  will  be  for  a  long  time  to  come 
so  essential  that  they  will  be  with  difficulty  replaced.  All  the  more 
caution  is  therefore  necessary  against  underrating  their  results  and 
suppressing  differences  which  they  exhibit  where  other  methods  ap- 
parently indicate  resemblances  only. 

With  reference  to  the  cases  before  us,  to  ignore  the  results  of 
spectral  analysis  would  at  once  lead  to  ambiguities  which  might  be 
said  to  be  equivalent  to  the  confounding  of  haemoglobine  with  the 
so-called  picrocarmine  ;  the  appeal  to  single  chemical  reactions,  against 
many  less  conspicuous  specti*al  differences,  would  only  add  to  the 
chances,  as  has  unfortunately  already  happened,  of  believing  pigments 
which  are  easily  distinguishable  to  be  one  and  the  same. 

We  lay  great  stress  on  the  possibility  now  proved  of  separating 
in  the  bird's  retina  alone  three  entirely  distinct  pigments,  and  on  the 
marked  differences  in  spectroscopic  behaviour  of  the  substances  above 
treated  of;    for  we  believe  that  in  so  doing  we  shall  best  point  out 
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for  further  investigation  the  road  which  above  all  others  must  in 
the  interest  of  physiology  be  entered  upon,  if  we  wish  to  gain  that 
knowledge  of  the  absorption  of  light  in  the  retina  which  is  absolutely 
necessary  for  the  progress  of  the  theory  of  vision. 
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The  drawings  begin  everywhere  with  Frauenhofer's  line  a,  since  in  the  red 
from  A  to  a,  no  absorptions  require  to  be  indicated. 

PL  in.  Fig.  1.  Ketinal  epithelium  of  the  frog  in  ether.  Fig.  2.  Fat  of 
frog  in  ether.  Fig.  3.  Pigment  (lipochrine)  of  retinal  epithelium  or  of  adipose 
tissue  of  the  frog  in  ether.  Fig.  4.  Retinal  epithelium  of  the  frog  in  carbon- 
bisulphide.  Fig.  5.  Fat  of  frog  in  carbon-bisulphide.  Fig.  6.  Pigment 
(lipochrine)  of  retinal  epithelium  or  of  fat  of  frog  in  carbon-bisulphide. 
Fig.  7.   Ether  extract  of  yolk  of  egg» 

PI.  IV.  Fig.  8.  Yolk  of  egg  (free  from  fat)  in  ether.  Fig.  9.  Yolk  of 
egg  (free  frt)m  fat)  in  petroleum-ether.  Fig.  10.  Yolk  of  ^g  in  carbon- 
biEnilphide.  Fig.  11.  Yolk  of  ^g  (free  from  fat)  in  carbon-bisulphide. 
Fig.  12,  13.  Lutein  in  ether.  •..  in  petroleum-ether.  Fig.  14.  Ether  extract 
of  retina  of  fowl. 

PL  V.  Fig.  15.  Fat  of  the  retina  of  the  fowl  in  carbon.  Fig.  16.  Chloro- 
phane  in  ether  or  in  petroleum-ether.  Fig.  17.  Xanthophane  in  ether. 
Fig.  18.  Bhodophane  in  benzol  Fig.  19.  Rhodophane  in  oil  of  turpentine. 
Fig.  20.  Chlorophane  in  carbon-bisulphide.  Fig.  21.  Xanthophane  in  carbon- 
bisulphide. 


THE  NORMAL  RESPIRATORY  MOVEMENTS  OF  THE 
FROG,  AND  THE  INFLUENCE  UPON  ITS  RE- 
SPIRATORY  CENTRE  OF  STIMULATION  OF  THE 
OPTIC  LOBES.  By  H.  NEWELL  MARTIN,  M.A.,  D.Sc, 
Prof,  of  Biology y  Johns  Hopkins  University^  BaUimore*,     (PL  VI,) 

I. 

The  firog  has  very  frequently  been  employed  by  physiologists  for 
investigations  concerning  the  gaseous  exchanges  of  the  animal  body 
under  various  conditions ;  but  there  exist  remarkably  few  observations 
upon  the  nervous  factors  of  its  respiratory  mechanism ;  so  that  while 
the  mode  of  action  of  the  respiratory  centre  of  the  mammal  and  the 
influence  of  various  conditions  upon  its  discharges  are  tolerably  well 
known^  there  is  an  almost  complete  absence  of  corresponding  know- 
ledge with  regard  to  the  frog.  It  is  known  that  its  respiratory  centre 
lies  in  the  medulla  oblongata  (according  to  Flourens*"!*  well  forward 
opposite  the  posterior  border  of  the  cerebellum),  and  that  parts  of  the 
brain  in  front  of  this  can  be  removed  without  causing  cessation  of  the 
respiratory  movements;  but  beyond  this  we  know  almost  nothing. 
V.  Heltnholt"  observed  that  stimulation  of  the  central  end  of  the 
pneumogastric  nerve  in  the  frog  brings  about  cessation  of  the  respira- 
tory movements  in  that  stage  which  is  characterised  by  retraction  of 
the  throat.  Heinemann'  found  certain  respiratory  disturbances  to 
follow  section  of  the  pneumogastric  trunks,  but  ascribes  them  to 
paralysis  of  muscles  of  the  glottis.  Qoltz^  has  shewn  that  if  a  frog's 
l)ack  be  struck  tolerably  smartly  against  some  solid  object  its  respira- 
tory movements  cease  for  some  time ;  and  also  that  by  irritation  of  the 
intestines  its  respiration  is  inhibited  in  the  phase  during  which  the 
external  nares  are  closed,  while  stimulation  of  the  skin  causes  cessa- 
tion of  the  respiratory  movements  with  the  nares  open.  Von  Wittich' 
cites  experiments  on  frogs  tending  to  shew  that  the  respiratory  centre 
in  them  is  reflex  in  character,  apncea  occurring  after  the  skin  of  the 

*  The  first  part  of  this  paper  was  read  hefore  the  Maryland  Academy  of  Sciences, 
Feb.  18, 1878 ;  the  second  part  before  the  Johns  Hopkins  University  Scieiltifio  Associa- 
tion, Karoh  6,  1878. 

t  Bee  List  of  Aathorities,  p.  151. 
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animal  is  removed,  even  when  the  blood  is  extremely  venous :  he 
also  states  that  if  the  lungs  be  extirpated  and  the  animals  therefore 
limited  to  cutaneous  respiration  they  do  not  exhibit  dyspnoea,  but  all 
respiratory  movements  cease  and  are  only  called  forth  by  peripheral 
stimulation :  the  apnoea  he  also  states  to  follow  section  of  the  vagi. 
Schiff  **  states  that  very  strong  induction  currents  applied  to  various 
regions  of  the  body  of  the  frog  cause  cessation  of  the  respiratory  move- 
ments in  the  expiratory  state,  with  the  throat  relaxed.  Strong  stimu- 
lation in  the  coccygeal  region  however  causes  merely  cessation  of  the 
movements  of  the  nares,  while  the  throat  movements  persist  but 
with  a  slower  rhythm.  Rosenthal'  ascribes  these  results  to  unipolar 
actions  on  the  vagus,  &c.  This  short  list  of  observations,  in  some  cases 
merely  casual,  on  the  influence  of  extrinsic  influences  upon  the 
functional  activity  of  the  respiratory  centre  in  this  animal  includes  all 
that  I  have  succeeded  in  finding. 

The  cause  of  this  general  neglect  I  imagine  lies  mainly  in  the 
apparent  complexity  of  the  respiratory  movements  in  the  frog  which 
makes  it  somewhat  difficult  to  arrive  at  a  clear  working  idea  as  to  the 
normal  mode  of  action  of  its  respiratory  centre.  A  priori  the  frog  would 
seem  extremely  well  adapted  for  observations  of  the  kind  in  question. 
In  the  mammal  the  results  of  experiment  upon  influences  inhibiting 
or  otherwise  affecting  the  respiratory  centre  are  almost  invariably  com- 
plicated by  simultaneous  changes  in  the  blood  gases  (due  to  interference 
with  the  normal  respiratory  rhythm)  altering  the  stimulus  acting  upon 
the  centre;  or  if  artificial  respiration  is  employed  to  overcome  this 
it  introduces  new  complications  through  the  afferent  impulses  excited 
in  the  vagi,  by  the  expansion  and  contraction  of  the  lungs,  influencing 
the  respiratory  centre  (Breuer**).  In  the  frog  we  might  expect  to  be 
largely  freed  from  such  secondary  effects.  Carrying  on,  as  it  does,  a 
large  proportion  of  its  respiration  through  the  skin,  which,  at  least  in 
winter  frogs,  seems  perfectly  sufficient  to  keep  the  blood  in  a  state  of 
normal  aeration  for  a  long  time,  the  oxygenation  of  its  blood  is  much 
less  dependent  upon  the  normal  performance  of  the  respiratory  move- 
ments. In  the  winter  frog,  in  fact,  nature  carries  on  an  artificial 
respiration  for  us,  which  has  the  advantage  of  being  independent  of 
extension  or  collapse  of  the  lungs.  Moreover,  its  tissues  in  general, 
and  in  this  we  may  expect  the  respiratory  centre  to  share,  shew  a  much 
slighter  sensitiveness  to  deficiency  of  oxygen  than  do  those  of  the  warm- 
blooded animal.  Wishing  to  make  some  experiments  upon  the  in- 
fluence of  parts  of  the  brain  in  front  of  the  medulla  oblongata  upon 
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the  force  and  frequency  of  the  discharges  of  the  respiratory  centre, 
I  turned  my  attention  in  the  first  place  to  the  frog;  influenced 
partly  by  the  above  considerations  and  partly  by  the  ease  with  which 
operations  upon  its  encephalon  can  be  performed,  and  the  rapidity  and 
completeness  with  which  the  animal  recovers  from  them. 

It  was  in  the  first  place  essential  to  obtain  a  definite  knowledge  of 
the  normal  method  of  the '  frog's  respiration  as  a  preliminary  step 
towards  a  knowledge  of  the  working  of  its  respiratory  centre.  This 
was  the  more  important  on  account  of  the  double  character  of  the 
frog's  respiratory  movements,  in  some  of  which,  as  is  well  known,  only 
throat  muscles  are  concerned,  while  others  are  characterised  by  co- 
operation of  muscles  of  the  trunk  ;  a  doubleness  which  made  it  possible 
that  the  mode  of  action  of  its  respiratory  centre  was  essentially  different 
from  that  of  the  mammal.  When  I  turned  to  the  literature  of  the 
subject  I  found  that  the  statements  on  the  subject  were  either  too 
vague  to  be  of  use,  in  such  treatises  as  that  of  Milne-Edwards** 
no  notice  being  taken  of  the  two  kinds  of  respiratory  movements ;  or 
that  the  statements  made  in  the  more  detailed  accounts  of  various 
observers  differed  in  essential  points.  It  became  therefore  necessary  to 
investigate  the  matter  afresh,  and  if  possible  by  improved  methods. 

The  physiologists  of  the  end  of  the  17th  and  of  the  18th  centuries 
did  not  fail  to  observe  that  there  was  an  essential  difference  in  the 
mode  of  respiration  of  the  frog  and  of  the  mammal;  what  chiefly 
attracted  their  notice  being  the  fact  that  while  the  lungs  of  the  latter 
collapsed  when  the  chest  was  opened,  those  of  the  frog  remained 
dilated,  or  if  at  first  collapsed  could  be  subsequently  distended  by  the 
animal  Swammerdam^  Malpighi^  Morgagni*,  and  Laurenti^^ 
all  refer  to  one  or  other  of  these  facts,  and  give  essentially  correct 
accounts  of  the  respiratory  mechanism.  On  the  other  hand,  Br^mond'^ 
and  Blumenbach"  ascribed  this  fetculty  of  remaining  distended 
when  exposed  to  the  air  to  some  specific  power  inherent  in  the  frog's 
lung.  Br^mond's  account  is  curious,  for  he  admits  in  one  part  of 
liis  treatise  that  Malpighi's  account  of  the  mode  of  respiration  in  the 
frog  is  correct,  but  fails  to  see  how  this  can  account  for  the  distension  of 
the  lungs  when  the  visceral  cavity  is  opened.  He  therefore  concludes 
that  fleshy  fibres,  which  he  has  seen  in  the  dried  lung,  are  the  cause 
of  its  dilatation  during  life,  and  points  out  that  ''ces  fibres  doivent 
avoir  beaucoup  de  force  dans  ce  viscfere  et  servir  dgalement  quoique 
d'une  fiEifon  diff^rente  pour  sa  contraction  et  sa  dilatation ; "  a  sort  of 
anticipation  of  the  "  active  dilatation  "  of  muscular  fibres  spoken  of  by 
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i^ome  physiologists  as  occurring  in  arterial  walls.  The  first  detailed 
account  of  the  mode  of  respiration  of  the  frog  was  however  given  by 
Townson"  in  1794  :  his  account  far  excels  in  minuteness  of  descrip- 
tion those  of  any  of  his  predecessors,  and  is  substantially  correct  in  all 
points.  He  describes  not  only  the  mechanism  by  which  air  is  driven 
into  the  lungs,  but  also  the  mode  of  its  expulsion  by  the  contractility 
of  the  distended  lungs,  and  the  co-operation  of  the  muscles  of  the  wall 
of  the  visceral  cavity.  He  pointed  out  that  all  the  throat  movements 
were  not  alike,  but  that  some  of  them  differed  in  character  from  the 
rest,  and  were  alone  accompanied  with  closure  of  the  external  nares 
and  contraction  of  the  flank  muscles.  He  also  described  and  figured 
the  muscles  of  the  throat,  and  first  shewed  that  if  the  mouth  of  a  frog 
was  kept  open  it  could  not  send  air  into  its  lungs,  an  experiment  which 
Milne-Edwards  erroneously  states  to  have  been  first  performed  by 
Herhold".  The  views  put  forward  by  Townson  have  been  since 
generally  accepted,  but  Kudolphi",  and  subsequently  Haro^*,  gave  an 
essentially  different  account  of  the  respiratory  mechanism  of  the  frog, 
by  which  it  is  assimilated  to  the  mode  of  respiration  in  birds ;  the 
throat  movements  according  to  Haro  being  a  mere  freak  of  nature 
intended  to  conceal  the  actual  process.  The  latter  he  states  to  consist 
in  a  compression  of  the  lungs  by  an  indrawing  of  the  posterior  end  of 
the  sternum  due  to  contraction  of  the  sternohyoid  muscles  which  are 
attached  to  it.  By  this  contraction  air  is  driven  out  of  the  lungs,  and 
80  expiration  is  brought  about:  when  the  muscles  relax  the  xiphoid 
cartilage  by  its  elasticity  returns  to  its  former  position,  and  dilates 
the  cavity  in  which  the  lungs  lie ;  consequently  air  enters  and  expands 
them.  Inspiration  is  also  in  a  subsidiary  degree  dependent  upon  the 
ascent  of  the  hyoid  carrying  with  it  the  glottis  and  trachea :  by  this  the 
anterior  parts  of  the  lung  sacs  are  expanded  so  that  air  passes  into  them. 
The  experiments  by  which  he  attempts  to  prove  the  correctness  of  his 
statements  are  however  of  a  highly  inconclusive  character,  amounting 
to  little  more  than  the  observation  that  the  respiratory  movements 
continue  when  an  opening  is  made  in  the  floor  of  the  frog's  mouth,  a 
continuance  which  he  considers  to  prove  that  actual  functional  respira- 
tion was  performed :  air  enters  the  lungs  since  expiration  occurs  as 
ordinarily, "  ce  que  prouvent  les  contractions  de  Tabdomen  et  des  flancs." 
This  is  of  course  equivalent  to  saying  that  a  mammal  can  breathe  when 
its  thorax  is  opened,  because  one  sees  the  respiratory  movements  of  the 
ribs  and  diaphragm  to  continue.  The  further  proofs  offered  by  him 
are  of  little  more  cogency,  consisting  in  the  fact  that  a  frog  treated  as 
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above  and  with  its  visceral  cavity  opened  may  live  several  dajrs ;  and 
that  when  the  animal's  mouth  was  held  open  the  currents  of  air  could 
be  felt  passing  out  from  the  glottis  when  the  stemo-hyoid  muscles 
contracted.  By  this  latter  statement,  which  at  first  sight  might  seem 
to  prove  the  existence  of  some  such  respiratory  mechanism  as  he 
describes,  it  seems  clear  that  he  only  refers  to  the  expulsion  of  air 
which  might  already  be  contained  in  the  lungs  when  the  observation 
commenced,  for  he  says  the  best  way  of  seeing  it  is  to  hold  the  animal 
under  water  and  see  the  bubbles  rise :  under  such  circumstances  there 
could  be  no  question  of  an  entry  of  fresh  air  into  the  lungs.  Direct 
observation  of  the  lungs,  when  the  floor  of  the  animal's  mouth  was 
removed,  shewed  him  a  ''sensible"  dilatation  of  the  anterior  parts  of 
those  sacs  during  the  period  at  which  he  supposed  inspiration  to  be 
taking  place,  while  their  posterior  extremities  shewed  no  dilatation. 
He  speaks  of  the  changes  in  the  diameters  of  the  chest  wall,  which  he 
considers  the  essential  part  of  the  respiratory  mechanism,  as  not  being 
sensible :  such  feeble  movements  as  these  are,  in  his  opinion,  the  actual 
respiratory  movements  of  the  frog ;  the  obvious  movements  of  throat 
and  flank  being  of  little  or  no  significance.  Panizza^^  incited  by 
Haro's  statements,  undertook  an  experimental  investigation  of  the 
question,  and  while  confirming  Haro  as  regards  Chelonians,  proved 
very  clearly  that  his  account  of  the  respiratory  mechanism  of  the  frog 
was  erroneous,  the  agents  which  he  regarded  as  the  sole  ones  being  at 
the  most  quite  subsidiary.  Panizza  removed  the  skin  from  behind  the 
fore  limbs  of  the  frog,  and  was  thus  able  to  watch  the  lungs  through 
the  thin  muscular  wall  of  the  visceral  cavity.  He  was  then  able  to  see 
that  they  dilated  and  contracted  considerably  when  the  throat  and 
nares  were  left  intact;  but  that  when  the  floor  of  the  mouth  was 
removed,  as  described  by  Haro,  or  when  the  outer  border  of  the  nostril 
was  cut  away,  so  as  to  prevent  its  closure,  then  the  lungs  soon  col- 
lapsed ;  and  during  the  inspiratory  movements  dilated  extremely  little, 
and  only  at  their  anterior  part.  When  a  tympanic  membrane  was 
removed  the  lungs  similarly  collapsed ;  but  if  the  opening  were  closed 
by  the  finger  they  were  soon  dilated,  and  the  dilatations  could  be  seen 
to  occur  at  the  moments  of  retraction  of  the  throat.  All  these  pheno- 
mena were  quite  irreconcileable  with  Haro's  view  of  the  respiratory 
mechanism,  and  proved  conclusively  that  the  older  view  was  in  the 
main  the  correct  one,  even  if  some  such  action  as  Haro  imagined 
occurred  in  extreme  dyspnoea.  Panizza  also  shewed  that  if  a  frog^s 
glottis  were  hermetically  closed  the  animal  could  live  in  a  room  at 
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7*  to  8°  for  twenty-one  days;  so  that  the  fact  that  Haro's  frogs  lived 
some  five  or  six  days  did  not  in  the  least  prove  the  occurrence  in  them 
of  any  active  lung  respiration.     The  insufficiency  of  continued  vitality 
as  a  proof  of  pulmonary  respiration  in  the  frog  had  also  been  shewn 
previously   by  the   experiments   of   W.   Edwards^.      Panizza  also 
observed,  as  Swammerdam"  and   Townson"  had   previously  done, 
that  the  frog  sometimes  diminishes  its  mouth  cavity  in  order  to  drive 
air  into  its  lungs,  not  only  by  retracting  the  throat  but  by  drawing  in 
the  eyeballs.    Heine mann'  seems  to  have  been  the  next  to  take  up 
the  question  with  thoroughness,  and  his  article  is  extremely  good.     Ac- 
cepting Townson's  account  in  the  main  he  supplements  it  in  various 
poiats,  the  more  important  of  which  are  as  fallows.     The  contraction 
of  the  flank  muscles  (which,  as  Townson  pointed  out,  only  accom- 
pajiies  the  more  powerful  throat  movements)  follows  the  descent  of 
the  throat,  occurring  at  the  moment  when  it  again  begins  to  ascend. 
With  the  smaller  throat  movements  the  abdominal  walls  shew  slight 
variations  which  are  brought  about  by  changes  of  place  in  the  hyoid. 
The  glottis  is  closed  during  descent  of  the  hyoid;  immediately  after 
the  ascent  commences  it  opens  widely,  to  close  again  when  the  throat 
reaches  its  highest  position.     The  exact  discrimination  is  however  not 
easy,  and  can    only  be   attained   after  numerous   experiments,   since 
decapitated  frogs,  on  which  these  observations  were  made,  commonly 
breathe  diflFerently  from  normal  frogs.     If  the  brain  be  almost  com- 
pletely removed  (with  the  fore  part  of  the  head  so  as  to  expose  the 
glottis)  the  frog  sits  for  some  time,  often  many  minutes,  without  move- 
ments of  the  throat :  when  these  recommence  they  are  usually  all  of 
the  more  energetic  type,  and  then  always  accompanied  with  opening 
of  the  entrance  to  the  larynx.     In  a  few  cases  however  the  feebler 
movements  are  seen,  and   during  these  the  larynx  remains  closed. 
He  points  out  the  great  differences  seen  in  frogs  as  to  the  ratio 
in  number  of  the   more   feeble   to   the   more    powerful  respirations 
in  a  given  time:  the  latter,  which  alone  he  calls  respirations,  may 
occur  only  once  in  2 — 3  minutes,  but  may  on  the  other  hand  rise 
from  66 — 104  in   one   minute,  the  latter  when   both  vagi   are   cut. 
The    more  feeble    throat  movements   he   thinks   may   be   explained 
by  supposing  that  the  impulses  starting  from  the  medulla  oblongata 
must  have  a  certain  strength  in  order  to  call  forth  the  whole  series  of 
respiratory  movements.     The  throat  muscles  might   be   set  in   work 
without  simultaneous  stimulation  of  the  glottidean  muscles ;   which 
latter  first  occurs  when  the  stimulation  at  the  centre  has  reached  a  cer- 
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tain  height.  Expulsion  of  air  from  the  lungs  immediately  precedes  its 
entry,  so  that  the  movements  causing  the  two  are  almost  continuous. 
As  will  be  seen  presently,  my  own  observations  have  led  me  to  differ 
from  Heinemann  as  to  the  relationship  in  time  of  the  throat  move- 
ments and  the  contraction  of  the  flank  muscles :  simultaneous  tracings 
from  throat  and  flank  shewing  that  the  flank  contracts  at  the  end  of 
the  descent  of  the  throat,  and  not  at  the  beginning  of  the  ascent. 
If  this  be  so,  he  is  also  slightly  in  error  as  to  the  time  of  opening  of 
the  aditus  laryngis,  which  he  says  is  difficult  of  discrimination;  the 
opening  for  the  expulsion  of  air  must  first  occur,  when  the  lungs  are 
compressed  by  the  flank  muscles,  and  therefore  before  the  ascent  of  the 
throat. 

Bert",  so  far  as  I  have  been  able  to  find,  was  the  first  to  apply  the 
graphic  method  to  the  study  of  the  respiratory  movements  of  the  frog, 
but  a  critical  examination  of  his  experiments  shews  that  they  are  not 
entirely  satisfactory.  He  makes  no  reference  to  the  distinction  between 
the  two  types  of  respiratory  movements,  so  that  it  is  not  always  possible 
to  say  whether  his  tracings  are  those  of  respiratory  movements  accom- 
panied by  closure  of  the  nares  and  contraction  of  the  flank-muscles,  or 
whether  they  are  derived  from  respiratory  movements  not  so  accom- 
panied. In  his  figure  I  for  instance,  in  the  Joum.  de  FAnat  et  Phys, 
(Fig.  52  in  his  book*)  all  the  respiratory  curves  are  alike,  and  must  all 
be  due  to  the  same  kind  of  respirations.  The  tracing  was  obtained  by 
placing  a  tight-fitting  bag,  connected  with  a  Marey's  tambour,  over -the 
frog's  nose,  and  so  recording  the  passage  of  air  into  or  out  of  the  nostrils. 
Now  if  a  frog  be  placed  in  a  small  beaker  (to  exclude  external  air 
currents),  and  when  it  is  breathing  quietly  a  small  flock  of  cotton- wool 
be  held  above  and  a  little  to  the  outside  of  one  nostril,  the  wool  will  be 
seen  to  be  blown  about  by  the  air  expelled  from  the  nares  during  each 
kind  of  respiratory  movements.  But  there  is  no  comparison  between 
the  violence  with  which  it  is  blown  in  the  two  cases,  its  movements 
being  much  greater  when  the  flanks  contract.  From  this  obvious  differ- 
ence in  the  force  with  which  the  air  is  expelled  it  is  impossible  to 
conceive  that  the  tracings  derived  from  the  tambour  should  be  the  same 
in  the  two  cases,  and  we  have  to  decide  which  of  the  two  alone  is 
depicted  in  Bert's  figure.  From  the  letterpress  it  is  clear  that  the 
respirations  accompanied  by  flank-contraction  are  those  from  which 
the  tracing  was  taken;  and  such  an  uninterrupted  series  of  them 
only  occurs  in  dyspnoeic  or  otherwise  abnormal  conditions.  Bert's 
statement,  originally  made  by  Fanizza,  that  normally  the  frog  when 
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driving  air  into  its  lungs  does  not  completely  close  its  nares  either 
externally  or  internally,  but  merely  narrows  them,  is  probably  correct, 
though  his  further  statement  that  the  animal  can  under  no  circum- 
stances do  so,  seems  inconsistent  with  one  of  Fanizza's  experiments. 
The  latter  observer  found  that  if  the  head  of  a  living  frog  was  held 
immersed  in  a  solution  of  potassic  ferrocyanide  for  some  minutes  and 
then  removed,  the  mouth  carefully  opened  and  solution  of  ferric  chloride 
applied  to  the  internal  nares,  no  blue  colour  was  developed.  Another 
of  Bert's  experiments  devised  to  shew  that  Haro's  views  were  incorrect 
is  unsatisfactory.  He  put  a  tightly-fitting  cannula  containing  liquid  (or 
as  described  in  his  book,  connected  with  a  recording  tambour)  in  the 
glottis  of  a  frog,  and  saw  no  changes  of  level  in  the  fluid  or  movements 
of  the  lever:  this  he  ascribes  to  the  mouth  being  held  open  by  the 
cannula  or  to  the  air  being,  in  other  cases,  able  to  pass  out  through  the 
opening  in  the  pharynx  made  for  the  introduction  of  the  instrument, 
and  he  concludes  that  no  such  inspiratory  mechanism  as  that  described 
by  Haro  could  in  this  case  be  active.  But  here  he  can  only  have  been 
deaUng  with  the  more  feeble  respiratory  movements,  the  flank  respira- 
tory movements  being  probably  inhibited  by  the  sensory  stimulus  caused 
by  the  tube  in  the  glottis:  for  if  the  flank  muscles  had  contracted, 
thereby  compressing  the  lungs,  they  must  have  caused  changes  in  the 
level  of  the  liquid  or  in  the  lever.  He  states,  however,  that  when  the 
lungs  are  previously  extremely  collapsed  slight  changes  in  the  level  do 
occur,  from  which  he  concludes  that  the  mode  of  respiration  described 
by  Haro  has,  in  these  conditions,  a  certain  amount  of  efficacy. 
Similar  objections  apply  to  Bert's  second  figure  (Fig.  53  in  his  book): 
this  figure  gives  simultaneous  tracings  of  the  changes  of  pressure  in 
tambours  connected  by  cannulse,  one  with  a  nostril  and  the  other  with 
the  cavity  of  one  lung.  Here  again  all  the  curves  are  similar,  with  one 
slight  exception,  to  which  he  makes  no  reference,  and  which  is  probably 
accidental.  The  changes  of  pressure  in  the  lungs  are,  moreover,  so 
trivial,  compared  with  those  in  the  mouth,  as  to  make  it  almost  certain 
that  the  glottis  was  closed  during  the  whole  time;  the  respiratory  move- 
ments being  all  of  the  feebler  type :  and  such  slight  variations  of  lung- 
pressure  as  did  occur,  being  due  to  a  stretching  of  the  anterior  part  of 
the  lung  by  the  ascent  of  the  hyoid,  in  the  manner  pointed  out  by 
Heinemann.  Although  Bert's  experiments  are  not  conclusive,  his 
statements  as  to  the  mode  of  respiration  of  the  frog  are,  nevertheless,  in 
the  main,  correct,  with  the  exception  of  his  omission  to  point  out  the 
two  degrees  of  respiratory  movements  which  normally  occur.    In  one 


RESPIRATION  OF  THE  FROG,  189 

point  he  is,  I  think,  more  correct  Jbhan  He  in  em  an  n,  viz.,  in  stating 
that  air  passes  out  of  the  lungs  immediately  before  the  commencement 
of  the  retraction  of  the  throat.  In  his  table  shewing  the  conditions  of 
nares,  throat,  glottis,  and  lungs,  during  the  phases  of  a  respiratory  period, 
it  is  significant  that  no  mention  is  made  of  the  abdominal  walls;  an 
omission  which  goes  to  confirm  the  suspicion  that  his  plan  of  intro- 
ducing cannulas  into  the  glottis  inhibits  the  more  powerful  expiratory 
discharges. 

Burden  Sanderson*^  has  also  described  the  respiratory  mechan- 
ism of  the  frog,  and  given  a  figure  of  the  curves — obtained  from  a 
tambour  connected  with  a  cannula  placed  in  one  nostril  The  curves 
obtained  by  him  shew  marked  differences  corresponding  with  the  feebler 
and  more  powerful  respiratory  movements,  which  makes  it  quite  clear 
that  Bert  was  dealing  with  only  one  kind.  Sanderson's  descrip- 
tion of  his  figure  does  not,  however,  so  far  as  1  can  make  out,  agree 
with  the  figure  itself :  and  his  statement  that  the  entry  of  air  into  the 
lungs  immediately  precedes  its  expulsion,  so  that  it  remains  a  very 
short  time  in  those  cavities,  is  at  variance  with  the  statements  of  all 
other  observers  and  with  the  results  of  my  own  experiments.  He  states 
that  the  contraction  of  the  flank  muscles  immediately  follows  closure  of 
the  nares  and  occurs  while  the  hyoid  is  still  drawn  upwards.  He  makes 
this  statement,  partly  on  the  ground  of  direct  simultaneous  observation 
of  the  movements,  which  is  however  very  di£Scult  to  carry  out,  and 
partly  on  the  study  of  the  intra-pulmonic  pressure :  and  it  is  this  latter 
which  I  think  has  misled  him.  He  takes  the  sudden  rise  of  intra- 
pulmonic  pressure  to  indicate  the  entry  of  air  into  the  lungs:  it  is,  I 
believe,  rather  due  to  the  compression  of  the  lungs  by  the  flank  muscles, 
the  glottis  being  passively  closed.  Immediately  afterwards,  the  glottis 
is  actively  held  open,  and  the  flank  muscles  having  relaxed,  air  enters 
the  lungs  under  a  less  pressure  than  that  at  which  it  was  driven  out  of 
them.  Townson's  observation  that  one  lung  only  may  be  collapsed  in 
correspondence  with  a  contraction  of  the  muscles  of  only  one  flank 
seems  to  prove  that  the  glottis  is  not  actively  held  open  during  con- 
traction of  the  flank  muscles,  for  if  such  were  the  case,  both  the  dis- 
tended lungs  would  almost  certainly  collapse,  the  abdominal  walls  being 
60  flexible. 

Whatever  be  the  explanation,  simultaneous  tracings  of  throat  and 
flank  movements  shew  that  the  flank  muscles  contract,  expelling  air 
from  the  lungs,  when  the  throat  is  still  protruded  by  descent  of  the 
hyoid:  that  the  lungs  are  distended  immediately  after  this  contraction; 
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and  the  air  remains  in  them  a  considerable  time,  viz.  until  the  next 
flank  contraction. 

In  giving  an  account  of  the  statements  of  Heinemann,  Bert,  and 
Sanderson,  I  have  anticipated  somewhat  in  criticising  them;  it  now 
remains  for  me  to  give  the  details  of  the  experiments  upon  which 
the  criticisms  which  I  have  ventured  to  make  are  founded.  The  pre- 
ceding abstract  of  the  history  of  the  investigation  of  the  respiratory 
mechanism  of  the  frog  shews  that  while  tolerable  unanimity  upon  its 
broad  features  has  been  reached  there  is  still  a  great  discrepancy  upon 
points  of  detail,  and  points  of  which  it  was  essential  for  my  purpose  that 
I  should  have  a  clear  idea.  This  was  especially  the  case  as  regards  the 
time  relationships  of  the  throat  and  flank  movements.  While  it  was 
pretty  definitely  settled  that  the  minor  throat  movements  sent  no  air 
into  the  lungs  as  the  larger  did,  and  that  the  flank  movements  and 
those  of  the  nares  accompanied  only  the  larger,  there  was  a  wide  difier- 
ence  of  opinion  as  to  when  these  flank  movements  occurred.  Heine- 
mann says  they  take  place  at  the  commencement  of  the  throat  retrac- 
tion: Sanderson,  if  I  interpret  correctly  his  phrase,  "while  the 
hyoid  is  still  drawn  upwards,"  at  the  end  of  the  period  of  throat  retrac- 
tion: and  Bert,  at  the  end  of  the  phase  of  throat  protrusion.  If  the 
statements  of  Heinemann  or  Sanderson  were  correct,  the  discri- 
mination of  inspiratory  and  expiratory  discharges  from  the  respiratory 
centre  of  the  frog  became  very  difficult;  for  the  throat  retraction,  essen- 
tially an  inspiratory  movement,  would  coincide  in  part  with  the  essen- 
tially expiratory  movement  of  contraction  of  the  muscles  of  the  abdominal 
wall.  The  discharges  of  the  inspiratory  and  expiratory  centres  would, 
in  other  words,  overlap:  and  for  my  purpose  it  was  necessary  to  discri- 
minate them.  If  it  did  turn  out  that  the  discharges  of  the  two  centres 
could,  in  part,  coincide,  that  fact  in  itself  would  be  of  great  importance. 
Some  of  the  movements  in  question  being  extremely  rapid,  and  the 
time  difierences  involved  extremely  small,  it  was  essential  to  record 
them  simultaneously,  and  extremely  desirable  to  do  so  with  the  frog 
breathing  as  much  as  possible  in  a  natural  manner,  and  if  possible  in  its 
normal  position.  For  the  latter  reason  I  rejected  the  employment  of 
tambours  which  necessitated  interference  with  the  movements  of  the 
nares,  and  the  opening  of  a  lung,  and  which  had  besides  led  to  discre- 
pant results  in  the  hands  of  Bert  and  Sanderson,  and  attempted 
to  register  the  movements  of  throat  and  flank  directly.  At  first  I  did 
not  hope  to  be  able  to  record  in  this  way  the  respiratory  movements  of 
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the  unconfined  and  uninjured  frog,  and  I  therefore  employed  animals 
whose  cerebral  hemispheres  had  been  removed.  I  have,  however, 
recently  succeeded  in  getting  tracings  of  the  throat  movements  in  the 
uninjured  frog  sitting  free  in  its  natural  position,  and  the  complete 
similarity  even  in  the  small  details  of  the  two  tracings  leaves  no  room 
for  doubt  that  the  whole  respiratory  movements  in  the  frog  with  and  in 
that  without  the  cerebral  hemispheres  are  the  same:  a  conclusion  which 
direct  observation  fully  confirms. 

The  throat  tracings  were  obtained  by  means  of  a  light  lever,  which 
was  almost  equipoised  so  as  to  exert  only  enough  pressure  upon  the 
throat  to  ensure  that  it  followed  the  movements  of  the  latter.  The 
writing-point  of  this  lever,  made  of  aluminum  foil,  traced  upon  the 
smoked  surface  of  an  ordinary  revolving  cylinder.  The  lever  itself 
did  not  rest  directly  upon  the  throat  of  the  frog :  I  found  this  caused 
too  much  irritation  so  that  the  animal  either  jumped  away  or  pushed 
oflf  the  lever  before  a  tracing  could  be  taken ;  and  it  had  the  further 
disadvantage  that  the  ramus  of  the  jaw  sometimes  prevented  the  lever 
from  following  the  throat  when  the  latter  was  in  extreme  retraction. 
To  obviate  these  disadvantages  I  fastened  a  small  piece  of  cork  to  the 
lever  near  its  fulcrum ;  into  this  a  pin  was  stuck  in  a  horizontal 
position ;  the  free  end  of  this  pin  carried  another  piece  of  cork  and 
into  this  was  inserted  the  point  of  another  pin  which  was  placed  in 
a  vertical  position,  and  the  head  of  which  pressed  gently  on  the  frog's 
throat;  and  so  any  movement  of  the  latter  was  transmitted  to  the 
lever.  K  the  pin-head  be  very  gently  brought  in  contact  with  the 
throat  (which  in  my  apparatus  was  done  by  a  rack  and  pinion  move- 
ment) an  uninjured  frog  will  frequently  bear  the  contact,  and  give 
a  tracing  for  more  than  half  a  minute*.  Frogs  whose  cerebral  hemi- 
spheres are  removed  are  frequently  very  troublesome  at  first,  jumping 
away  the  moment  the  apparatus  touches  them;  but  when  once  they 
have  borne  the  lever  for  a  short  time  they  usually  give  little  trouble 
afterwards,  seeming  to  get  used  to  it ;  and  when  they  do  move  they 
commonly  either  merely  push  the  lever  away  with  one  foot  or  turn 
aside  from  it  instead  of  jumping  away.  I  have  found  it  a  great  help 
to  make  use  of  Tarchanow's**  observation  that  compression  of  the 
abdominal  cavity  lowers  the  reflex  irritability  of  the  frog :  if  the  animal 

*  My  tracings  from  \^q  nninjnred  frog  were  obtained  in  midwinter,  and  the  frogs  had 
probably  not  quite  their  normal  irritability.  They  had  however  been  for  several  days  in 
a  room  at  a  temperature  of  from  15^  to  18^  C.  and  were  yigorons  and  lively,  jumping  with 
great  activity  when  irritated. 
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be  seized  between  tbe  finger  and  thumb  just  in  front  of  the  urostyle 
and  gently  squeezed  it  will  usually  stay  where  it  is  placed,  and  the 
lever  can  be  adjusted  before  it  again  gets  irritable :  this  pressure  nearly 
always  leads  to  complete  cessation  of  the  respiratory  movements  for 
some  seconds  after  it  is  removed,  and  this  also  facilitates  the  adjust- 
ment of  the  lever.  When  the  animal  wakes  up  again  and  begins  to 
breathe,  it  commonly  takes  no  notice  of  the  lever  for  many  minutes. 
None  of  my  tracings  was  taken  until  at  least  a  minute  had  elapsed 
after  the  resumption  of  the  respiratory  movements,  so  as  to  eliminate 
any  possible  efifects  of  the  previous  cessation,  or  pressure. 

The  frogs  which  I  have  employed  were  nearly  all  partly-grown  speci- 
mens of  Rana  lentigenosus,  about  the  size  of  full-grown  specimens  of 
liana  temporaria.  The  animal  was  placed  on  a  sheet  of  lead  which 
formed  a  slightly  inclined  platform  in  a  trough  filled  with  water.  The 
highest  edge  of  this  platform  was  in  contact  with  one  end  of  the  trough 
and  level  with  it :  over  this  end  of  the  trough  the  throat  of  the  animal 
projected  and  had  the  pin-head  of  the  lever  apparatus  in  contact  with  it; 
while  in  consequence  of  the  slope  of  the  platform  the  posterior  limbs 
and  body  of  the  animal  were  partly  immersed  in  the  water.  A  ther- 
mometer in  the  latter  was  used  to  indicate  if  any  considerable  changes 
in  the  temperature  of  the  room  occurred  during  the  more  prolonged 
experiments ;  as  the  force  and  frequency  of  the  frog^s  respiratory  move- 
ments are  subject  to  great  changes  with  alterations  of  temperature; 
wherever  temperatures  are  given  in  the  details  of  the  following  ex- 
periments they  are  those  indicated  by  this  thermometer. 

Figures  2  and  3,  Plate  VL,  give  tracings  of  the  throat  movements  of 
the  uninjured  frog  as  obtained  in  the  manner  just  stated  :  Figure  4  is  a 
similar  tracing  from  the  frog  with  its  cerebral  hemispheres  removed ; 
and  it  will  be  seen  that  it  is  identical  in  character  with  those  obtained 
from  the  normal  abimaL  In  these  tracings,  ascents  of  the  curve  in- 
dicate throat  retractions,  and  descents,  throat  protrusions ;  and  it  will 
be  seen  that  at  somewhat  irregular  periods  there  occur  more  marked 
protrusions  followed  by  more  powerftil  and  sudden  retractions:  these 
are  the  throat  signs  of  those  respirations  which  are  accompanied  with 
the  closure  of  the  external  nares  and  the  active  contractions  of  the 
flank  muscles :  and  the  first  point  was  to  decide  in  what  relation  these 
three  events  stood  to  one  another.  As  to  the  contraction  of  the  nares 
there  can  be  no  doubt  that  it  accompanies  the  more  powerful  throat 
retractions.  There  is  considerable  diflSculty  in  observing  simultane- 
ously the  nares  and  the  throat,  but  it  is  much  more  easy  to  watch 
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at  the  same  time  the  lever  and  the  nares,  and  this  indicates  the  re- 
lationship just  stated  ;  which  is  moreover  that  universally  accepted,  the 
occlusion  of  the  nares  simultaneously  with  the  more  powerful  pro- 
trusions of  the  throat  being  a  priori  extremely  improbable.  For  it 
is  agreed  by  all  observers  since  Haro  that  it  is  during  the  marked 
throat  retractions  that  air  is  driven  into  the  lungs  of  the  frog.  The 
main  point  then  which  I  had  to  determine,  was  the  relationship  in  time 
of  the  various  phases  of  the  throat  movements  to  the  contractions 
of  the  flank  muscles;  a  point  on  which  Heinemann,  Bert,  and 
Sanderson  diflfered.  With  this  object  I  placed  a  second  rectangular 
lever,  so  that  its  short  vertical  limb  was  in  contact  with  the  frog's 
flank,  while  its  longer  horizontal  limb  wrote  on  the  revolving  cylinder, 
immediately  over  the  throat  lever.  The  tracings  thus  obtained  shew 
conclusively  that  the  flank  contraction  immediately  precedes  in  each 
case  the  powerful  throat  retraction,  being  in  fact  contemporaneous  with 
the  powerful  throat  protrusion;  or  rather  with  that  part  of  it  which 
is  characterised  in  Figures  2,  3  and  4,  at  the  points  a,  by  a  more 
sudden  descent  of  the  lever.  Figures  6  and  7  represent  such  simul- 
taneous tracings,  and  it  will  be  seen  that  the  flank  contractions  indi- 
cated by  the  descents  h  in  the  upper  tracing  of  each  figure  immediately 
precede  the  powerful  throat  retractions  c,  by  which  air  is  driven  into 
the  lungs.  The  tracings  further  shew  that  from  this  time  the  lungs 
remain  filled,  as  indicated  by  the  continued  protrusion  of  the  flanks, 
until  the  next  active  flank  contraction,  so  that  the  air,  far  from  re- 
maining a  brief  time  in  them,  stays  there  for  a  considerable  period. 
Otherwise  we  should  have  collapse  of  the  lungs  attended  with  pro- 
trusion of  the  flexible  walls  of  the  cavity  containing  them.  The  air 
therefore  enters  the  lungs  immediately  after  its  expulsion  by 
the  flank  muscles,  and  not  immediately  before  it,  as  stated  by 
Sanderson.  The  minor  curves,  d,  described  by  the  flank  lever 
during  the  minor  throat  movements,  have  nothing  to  do  with  an  entry 
of  air  into  the  lungs  or  its  exit  from  them,  as  I  shall  shew  presently. 
The  break  in  the  ascent  of  the  lever  at/ while  air  is  entering  the  lungs 
is  due  to  its  inertia.  Heinemann  also  must  be  wrong  in  stating  that 
the  glottis  only  opens  when  the  throat  commences  one  of  its  more  power- 
ful retractions.  It  must  open  just  before  this  when  the  flank  muscles 
contract;  but  probably  this  opening  is  passive  and  inconspicuous  as 
compared  with  the  active  inspiratory  dilatation  of  the  glottis  which 
succeeds  it. 

The  tracings  from  which  Figures  6  and  7  are  copied  were,  it  is  true, 
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obtained  from  frogs  whose  cerebral  hemispheres  were  removed  :  but 
the  exact  agreement  of  the  throat  movements  in  such  frogs  with  those  of 
uninjured  frogs  makes  it  impossible  to  believe  that  their  normal  respi- 
ratory modus  has  been  altered.  Certainly  not  to  the  extent  of  revers- 
ing the  usual  time  relationships  of  the  throat  and  flank  movements. 

In  the  tracings  it  will  be  noticed  that  the  ratio  of  the  number  of 
the  major  to  the  minor  throat  movements  is  subject  to  considerable 
variation.  In  Fig.  6,  after  a  period  without  major  throat  movements 
or  flank  contractions^  a  number  occur  close  together;  and  the  inspi- 
ratory effect  on  the  whole  overbalances  the  expiratory,  the  lungs  be- 
coming more  and  more  distended,  as  shewn  by  the  gradual  ascent 
of  the  upper  tracing.  In  Fig.  7  we  find  a  powerful  emptying  of  the 
lungs  following  one  of  these  periods  of  dilatation  and  then  no  active 
flank  contraction  again  for  a  considerable  time.  Such  a  grouping  of 
major  throat  movements  as  is  shewn  in  Fig.  6  is  unusual.  In  Fig.  5, 
taken  from  an  uninjured  frog  of  a  different  species  (which  I  have  not 
been  able  to  determine),  the  rhythm  is  very  regular,  and  the  major 
throat  movements  are  unusually  numerous;  whether  this  is  an  in- 
dividual or  a  specific  characteristic  I  do  not  know ;  it  probably  repre- 
sents a  somewhat  dyspnoeic  condition. 

I  have  gone  with  this  detail  into  the  account  of  the  frog's  respi- 
ratory movements  because  those  of  the  throat  being  by  far  the  most 
easily  recorded  it  is  of  great  advantage  to  be  able,  if  possible,  to  inter- 
pret tracings  from  the  throat  so  as  to  be  able  to  read  from  them  what 
is  happening  at  the  same  time  in  nares,  flanks,  and  lungs.  If  I  am 
right  in  the  conclusions  above  stated,  it  will  be  seen  that  this  is  not 
only  possible  but  easy.  In  Figs.  2,  3,  4  and  5  the  smaller  curves,  g, 
will  indicate  throat  movements  unaccompanied  by  closure  of  the  nares 
or  by  any  change  in  the  volume  of  air  in  the  lungs,  but  simply  re- 
newing the  air  in  the  mouth.  The  more  marked  protrusions  of  the 
^  throat,  ^,  on  the  other  hand,  will  be  accompanied  towards  their  termi- 
nation at  the  points  marked  a  (usually  differentiated  by  a  sudden 
alteration  in  the  curve,  but  sometimes  appearing  merely  as  a  pro- 
longation of  the  period  of  protrusion,  as  is  well  seen  in  Fig.  6)  by  active 
r.  I  contraction  of  the  flank  muscles  and  the  expulsion  of  air  from  the 
-*/"  lungs.  The  powerful  throat  retraction  following  this  is  accompanied 
(at  any  rate  in  its  earlier  part)  by  more  or  less  complete  closure  of  the 
nares,  the  entry  of  air  into  the  lungs,  and  passive  protrusion  of  the 
flanks:  from  that  time  the  lungs  remain  distended  during  the  suc- 
ceeding smaller  throat  movements  until  the  next  powerful  throat  pro- 


RESPIRATION  OF  THE  FROG.  145 

trasion  is  ax^ompanied  again  with  flank  retraction  and  expulsion  of  the 
air.  To  facilitate  description  I  shall  in  future  designate  the  respira- 
tions indicated  by  the  smaller  throat  movements  simply  as  "throat 
respirations:"  and  those  accompanied  with  the  change  of  air  in  the 
lungs  as  "flank  respirations/'  though  of  course  the  throat  shares  in 
these  latter  also. 

There  were  two  other  points  on  which  it  was  desirable  to  obtain 
tracings.     Heinemann  has  pointed  out  that  if  the  frog's  flank  be  very 
carefully  watched,  movements  in  it  will  be  seen  to  take  place  even 
during  the  "  throat "  respirations.     These  he  ascribes,  as  above  stated, 
not  to  an  entry  or  exit  of  air  from  the  lungs  or  to  active  contractions 
of  the  flank  muscles,  but  to  an  increase  of  the  pleuro-peritoneal  cavity 
in  its  antero-posterior  diameter  by  the  ascent  of  the  hyoidean  appa- 
ratus, which   increase   is   compensated   for   by   a  diminution   in  the 
transverse  diameter;   the  contents  of  the  cavity  remaining  the  same 
and  no  air  entering  or  leaving  the  lungs.     If  this  be  so,  the  throat 
retracting  and  pulling  the  lungs  up  out  of  the  visceral  cavity,  without 
at  the  same  time  dilating  them,  as  happens  in  the  throat  retraction 
period  of   the  "flank"  respirations,  then  the  flanks  ought  to  shrink 
when  the  throat  is  retracted  in  these  "throat"  respirations.     Simul- 
taneous tracings  of  throat  and  flank  during  the  "throat"  I'espirations 
(Fig.  1)  shew  this  to  be  the  case.     The  upper  tracing  is  from  the  flank  ; 
ascents  in  it  represent  flank  protrusions :  the  lower  tracing  is  from  the 
throat;  descents  in  it,  as  before,  indicate  throat  protrusions.     It  will 
be  seen  that  when  the  throat  protrudes  the  flank  protrudes,  and  vice 
versa;  exactly  the  reverse  of  what  occurs  in  the  "flank"  respirations. 
Heinemann's  explanation  of  these  slight  passive  flank  movements 
is  therefore  the   correct  one.     In   this   way  the  minor  flank   move- 
ments rf,  in  Figures  6  and  7,  above  referred  to,  are  produced.     These 
movements  must  not  however  be  confounded  with  feebly  active  flank 
movements  which  occur  in  certain  dyspnoeic  states  with  each  throat 
movement.     In  such  cases  these  active  flank  contractions  are  readily 
differentiated  by  their  suddenness.      It  will  be  noticed  in  Figure  1, 
that  a  considerable  series  of  "throat"  respirations  occurred,  uninter- 
rupted by  any  "  flank "  respiration :   a  phenomenon  to  which  several 
observers  have  referred. 

Finally  it  remained  to  be  seen  whether  there  was  any  fragment 
of  truth  in  Haro's  view  of  the  frog's  respiratory  mechanism :  Panizza, 
Bert  and  others  thinking  that  possibly  some  such  action  as  he  de- 
scribes may  occur  as  a  subsidiary  phenomenon,  at  any  rate  in  dyspnoeic 
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states.  To  investigate  this  I  fastened  an  uninjured  frog  upon  its  back 
by  strings  passed  round  its  limbs,  and  recorded  by  levers  simultane- 
ously the  throat  movements,  and  those,  if  any,  of  the  posterior  end 
of  the  sternum :  in  some  cases  the  flank  movements  were  also  recorded. 
Such  tracings  shewed  that  at  the  time  of  active  contraction  of  the 
flank  muscles  (expiration)  the  lower  end  of  the  sternum  was  slightly 
pulled  inwards  towards  the  vertebral  column:  on  account  of  its 
elasticity,  this  end  will  no  doubt  tend  to  return  to  its  position  of 
equilibrium  when  the  expiratory  muscles  relax,  and  so  will  passively 
tend  to  bring  about  an  inspiration  by  dilating  the  chamber  in  which 
the  lungs  lie.  The  amount  of  this  influence  must  however  be  very 
small ;  and  it  is  open  to  doubt  whether  the  inbending  of  the  sternal  end 
is  not  due  rather  to  the  contraction  of  the  expiratory  muscles  in  the 
abdominal  wall  than  to  the  sterno-hyoids :  especially  as  Heinemann 
could  see  no  change  in  the  position  of  the  posterior  end  of  the 
sternum,  to  be  brought  about  by  tetanising  the  latter  muscles.  In 
extreme  dyspnoea  these  movements  of  the  posterior  end  of  the  sternum 
become  considerable. 

Such  being  the  normal  respiratory  movements  of  the  frog,  it  became 
my  next  object  to  gain  some  idea  if  possible  of  the  relationship  in 
which  the  activity  of  the  respiratory  centre  in  this  animal,  as  indicated 
by  its  respiratory  movements,  stood  to  that  of  the  mammal,  with  its 
rhythmic  inspiratory  and  expiratory  discharges,  innervating  different 
groups  of  muscles.  The  muscles  concerned  are  of  course  widely  diffe- 
rent in  the  two  cases;  but  that  in  itself  gives  no  reason  to  conclude 
that  the  fundamental  working  of  the  respiratory  centres  should  not  be 
the  same  in  both.  At  first  sight  however  the  frog's  respiration  seems 
to  be  essentially  different :  it  looks  as  if  we  had  in  it  to  deal  with  two 
distinct  respiratory  centres,  each  with  its  inspiratory  and  expiratory 
division,  and  concerned  respectively  with  the  "throat"  and  "flank  respira- 
tions," which  seem  to  have  a  rhythm  quite  independent  of  one  another. 
The  centre  for  the  "flank  respirations"  would  then  be  characterised 
by  the  greater  violence  of  its  discharges  and  their  less  frequency,  as 
well  as  by  their  radiation  to  muscles  not  under  the  influence  of  the 
other  centre.  The  fact,  however,  that  under  certain  conditions,  as 
dyspnoea  and,  as  I  shall  shew  presently,  of  excitement  of  the  optic 
lobes,  the  flank  and  throat  respirations  gradually  shade  off  into  one 
another,  is  against  the  hypothesis  of  two  totally  independent  centres ; 
and  I  think  the  whole  mechanism  can  be  explained  by  the  working 
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of  a  single  inspiratory  and  a  single  expiratory  centre,  and  without 
doing  violence  to  what  is  known  concerning  the  mode  of  action  of  those 
centres  in  the  mammalia.  That  we  have  to  do  with  only  a  single 
respiratory  centre,  with  its  inspiratory  and  expiratory  divisions,  is  the 
view  adopted  by  Heinemann,  as  quoted  above.  His  attempt  to  ac- 
count for  the  different  amounts  of  the  discharge  in  the  two  cases  is 
however  not  satisfactory.  He  supposes  that  the  stimulus  acting  upon 
the  centre  is  at  first  only  powerful  enough  to  cause  discharges  which 
radiate  to  the  throat  muscles.  These  bring  no  air  into  the  lungs; 
the  stimulus  to  the  centre  therefore  increases,  and  causes  finally  a 
discharge  which  radiates  to  more  muscles,  causing  what  I  have  called 
a  "  flank "  respiration  and  renewing  the  air  in  the  lungs.  But  if  this 
were  the  whole  matter  then  the  throat  respirations  ought  gradually  to 
increase  in  strength  and  in  the  number  of  muscles  concerned,  until  the 
last  of  the  series  passes  into  a  "flank"  respiration;  and  this  my  tracings 
shew  is  not  the  case.  In  the  normally  breathing  frog  there  is  no 
transition,  but  a  sudden  jump  from  one  to  the  other. 

K  the  brain  and  spinal  cord  of  a  frog  be  destroyed  and  the  animal 
be  then  held  in  its  natural  position,  it  will  be  seen  that  the  throat 
assumes  the  protruded  state:  so  that  this  is  its  position  of  equili- 
brium in  the  normal  posture  of  the  animal ;  and  that  to  which  it  will 
return  when  muscles  which  have  removed  it  relai.  This  protrusion 
is  sometimes  not  quite  so  great  as  that  which  corresponds  to  the 
position  of  the  throat  in  the  protrusion  phases  of  the  "  throat  respira- 
tions" ;  but  in  such  cases  it  will  be  found  that,  as  is  commonly  the  case, 
the  lungs  have  been  entirely  emptied  of  air  during  the  operation ;  so 
that  instead  of  being  moderately  distended  as  is  their  condition  during 
the  normal  *'  throat  respirations,"  they  are  now  in  a  state  of  extreme 
collapse,  indicated  by  the  abnormal  retraction  of  the  abdominal  walls. 
In  this  general  retraction  of  the  soft  boundaries  of  the  body  cavity 
the  throat  shares  somewhat;  and  moreover  the  larynx  is  probably 
pushed  out  somewhat,  in  normal  conditions,  by  the  distended  lung,  and 
this  influence  also  is  now  entirely  removed.  In  fact  if  in  such  cases 
the  lungs  be  moderately  disteuded  by  blowing  air  through  the  glottis, 
and  the  animal  be  then  held  again  belly  downwards,  it  will  be  seen 
that  its  throat  assumes  a  position  of  protrusion  quite  as  great  as  that 
which  occurs  in  the  "  throat  respirations."  We  may  conclude  that  in 
these  respirations  we  have  only  to  do  with  discharges  of  an  inspiratory 
centre,  leading  to  contractions  of  the  elevators  of  the  hyoid  apparatus ; 
the  throat  protrusions  being  passive.     These  respirations  will  answer 
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closely  to  those  which  take  place  in  the  normal  breathing  of  many 
mammals,  where  the  expirations  are  passive;  and  in  the  frog,  as  in 
them,  we  shall  have  a  more  irritable  or  a  more  readily  discharging 
inspiratory  centre,  and  a  less  irritable  or  less  readily  discharging  expira- 
tory centre*.  If  the  stimulus  to  the  inspiratory  centre  was  gradually 
increasing  while  the  series  of  throat  movements  went  on,  one  of  two 
things  must  happen :  either  the  throat  movements  would  increase 
gradually  in  extent,  or  they  would  more  probably  (the  resistance  to 
the  discharge  remaining  the  same)  become  more  frequent ;  but  they 
do  neither.  This  can  be  seen  in  Figs.  2,  3  and  4,  and  especially  well  in 
Fig.  1,  where  we  have  a  long  series  of  uninterrupted  throat  movements, 
and  shews  how  efficient  in  winter  frogs  the  skin  respiration  is,  serving 
to  keep  the  stimulus  to  the  respiratory  centre  constant  for  a  long  time. 
When  the  throat  respirations  have  gone  on  for  a  time,  which  is  subject 
to  considerable  variation,  the  stimulus  which  has  meanwhile  been  act- 
ing also  upon  the  expiratory  centre  finally  attains  a  degree  which 
arouses  that  centre  to  discharge ;  and  the  result  is  an  active  expiration 
with  contraction  of  the  flank  muscles,  and  usually  of  the  depressors  of 
the  hyoidean  apparatus ;  as  is  shewn  by  that  protrusion  of  the  throat 
beyond  its  position  of  equilibrium  which  is  indicated  by  the  greater 
descent  of  the  curves  in  Figures  2,  3,  4,  and  5  at  the  points  marked  a. 
Sometimes  however  the  discharge  does  not  radiate  to  these  muscles, 
and  the  activity  of  the  expiratory  centre  then  is  only  indicated  on  the 
tracings  obtained  from  the  throat  by  a  prolongation  of  the  period  of 
protrusion.  This  is  well  seen  in  Figure  6  at  a,  and  characterises 
certain  frogs  throughout.  A  more  difficult  question  now  arises :  how 
to  account  for  the  greater  contraction  of  the  elevators  of  the  hyoid  in 
the  immediately  following  inspiration,  and  the  radiation  of  the  discharge 
to  the  muscles  of  the  nares  and  glottis,  without  calling  in  the  aid  of  an 
inspiratory  centre  different  from  that  which  brings  about  the  ordinary 
throat  retractions;  or  without  assuming  some  special  stimulus  acting 
upon  the  inspiratory  centre  at  this  moment,  and  corresponding  to 
nothing  which  occurs  in  the  mammal  ?  The  answer  which  I  venture 
to  propose  to  this  question  is  the  following.  In  the  first  place  it  will 
be  noted  on  the  tracings  that  the  interval  between  this  inspiration  and 
that  which  preceded  it  is  always  longer  than  the  interval  which  sepa- 
rates the  inspirations  of  the  "  throat  respirations  "  from  one  another ; 
the  activity  of  the  expiratory  centre  has  apparently  inhibited  the 
inspiratory  centre,  or  increased  the  resistance  to  its  discharge ;   and 

"*  See  Lookenberg'^ 
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tbe  normal  stimulus  thus  acting  longer  upon  the  centre  would  be  apt 
to  cause  an  unusually  powerful  discharge  when  the  inhibiting  influence 
or  tbe  increased  resistance  was  removed  (Rosenthal",  p.  246).  That 
tbe  unusually  excited  centre  should  not  only  stimulate  to  more  vigorous 
contraction  the  muscles  which  it  usually  affects,  but  should  radiate 
impulses  to  others,  is  only  in  accordance  with  what  we  know  of  its 
activity  in  other  cases.  The  experiments  of  Breuer",  confirmed  by 
Lockenberg",  have  moreover  shewn  that  contraction  of  the  lungs, 
acting  through  certain  fibres  of  the  vagus,  facilitates  inspiratory  dis- 
cbaiges  in  the  mammal ;  and  if  we  suppose  this  to  be  true  of  the  frog 
also,  we  should  expect  a  more  vigorous  inspiratory  discharge  to  follow 
tbe  active  expiration  with  its  attendant  collapse  of  the  lungs;  this 
latter  probable  influence  needs  however  experimental  confirmation  for 
the  frog ;  and  this  I  have  not  yet  had  the  opportunity  to  undertake. 
But  in  one  or  both  of  the  above  agencies  we  have,  I  believe,  a  sufficient 
explanation  of  the  more  powerful  inspiratory  discharges  of  the  *'  flank 
respirations." 

It  will  be  seen  that  in  the  above  I  have  spoken  of  the  centre  which 
innervates  the  elevators  of  the  hyoid  as  an  inspiratory  centre  through- 
out, although  the  majority  of  its  discharges  lead  to  no  entry  of  air  into 
the  lungs.  If  however  this  centre  is,  as  I  believe,  the  same  as  that 
which  from  time  to  time  does  bring  about  the  propulsion  of  air  into  the 
lungs,  the  only  difierence  being  that  in  some  cases  its  discharge  radiates 
more  widely  than  in  others,  and  affects  new  muscles,  it  is  undesirable  to 
give  it  two  names ;  it  is  the  inspiratory  centre,  although  sometimes  its 
activity  drives  air  out  of  the  mouth,  not  into  the  lungs  but  to  the  exterior 
of  the  body.  This  frequent  renewal  of  the  air  in  the  mouth  cavity  will 
lead  to  its  being  nearly  as  pure  as  the  external  air ;  when  the  active 
expiration  takes  place  and  the  lungs  are  emptied,  some  of  this  pure  air 
must  be  left  in  the  mouth,  and,  in  the  immediately  succeeding  inspira- 
tion, will  be  sent  into  the  lungs  as  a  sort  of  "  tidal  air  "  with  some  of  the 
air  just  expelled  from  them,  which  will  correspond  to  the  "stationary 
air"  of  the  mammal.  The  considerable  time  that  the  inspired  air 
commonly  remains  in  the  lungs  is  probably  correlated  with  the  sim- 
plicity of  their  structure.  Almost  simple  sacs,  little  impediment  is  in 
them  opposed  to  the  renewal  by  gaseous  diffusion  of  the  layer  of  air  in 
contact  with  their  inner  surfaces  ;  and  so  there  is  not  the  need  for  that 
promotion  of  the  mixture  of  the  layers  of  air  by  frequent  mechanical 
movements  which  is  requisite  in  the  complexly  subdivided  mammalian 
lung.     Moreover  the  large  cavity  of  the  lungs  in  comparison  to  the 
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surface  in  which  the  capillaries  lie  renders  the  frequent  renewal  of  the 
air  unnecessary. 

The  fact  that  many  respiratory  movements  in  the  adult  frog  have 
no  immediate  connection  with  the  renewal  of  the  air  in  the  lungs  has 
a  special  interest,  for  it  seems  probable  that  it  is  a  physiological 
remnant  of  the  frog's  larval  and  ancestral  mode  of  respiration.  The 
tadpole  possesses  for  a  time,  and  ancestors  of  the  frog  possessed  pro- 
bably throughout  their  whole  life,  both  lungs  and  gills ;  while  immersed, 
water  must  be  driven  over  the  surface  of  the  gills  by  contractions  of 
the  mouth  cavity ;  and  it  is  of  course  important  that  this  water  should 
not  at  the  same  time  be  sent  into  the  lungs,  so  the  dilators  of  the 
glottis  must  not  be  stimulated.  This  renewal  of  the  water  will  then  be 
due  to  movements  answering  to  those  which  I  have  called  "throat 
respirations."  Finally  when  the  nares  come  to  open  into  the  mouth 
and  the  gill  openings  close  up,  these  movements  remain ;  but  they  now 
drive  air  out  through  the  nostrils  instead  of  water  through  the  gill  cham- 
bers, and  so  without  any  sudden  change  in  its  nerve  centres,  which 
otherwise  would  seem  unavoidable,  the  frog  becomes  an  entirely  air- 
breathing  animal,  except  such  respiration  as  may  be  carried  on  by  its 
skin  while  under  water.  While  the  gill  openings  remain,  if  the  animal 
is  to  inflate  its  lungs  with  air,  there  must  be  a  means  of  closing  these 
openings;  and  Martin-Saint-Ange"  has  shewn  that  a  very  complete 
apparatus  for  such  closure  exists  in  the  tadpole  of  the  salamander. 
In  the  frog^s  tadpole  this  apparatus  is  less  complete,  but  from  the 
more  enclosed  condition  of  the  gills  he  thinks  it  is  efficient  in  this 
case  also.  If  the  common  statement  be  correct,  that  frog  tadpoles 
frequently  require  to  come  to  the  surface  to  breathe  in  the  later 
stages  of  their  development  (but  while  still  possessing  functional  gills), 
the  apparatus  for  closing  the  gill  clefts,  or  the  gill  sac,  must  in  fact  be 
efficient.  Otherwise  I  should  be  inclined  from  Martin-Saint-Ange's 
description  to  doubt  the  functional  utility  of  the  closing  apparatus  in 
these  tadpoles. 
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II. 

Having  in  the  manner  above  described  attained  at  least  a  working 
hypothesis  as  to  the  normal  mode  of  action  of  the  respiratory  centre 
in  the  frog,  I  was  able  to  set  to  work  with  more  definiteness  on  the 
investigations  of  influences  altering  its  functional  activity;  and  first 
I  turned  my  attention  to  the  influence  of  stimulation  of  the  corpora 
higemina,  the  so-called  "  optic  lobes."  Even  in  the  mammal  very  little 
is  known  concerning  the  influence  of  parts  of  the  brain  in  front  of 
the  fneduUa  oblongata  upon  the  respiratory  rhythm.  It  is  known  of 
course  that  respiratory  movements  persist  in  some  fashion  when  all 
these  parts  are  removed:  and  that  the  W^ill,  whose  manifestations  are 
correlated  with  the  integrity  of  some  of  them,  is  capable,  within  limits, 
of  governing  the  discharges  of  the  respiratory  centre.  The  influence 
of  sensory  stimuli  is  also  known  to  act  through  the  mediation  of  the 
cerebral  hemispheres;  and  according  to  Rosenthal^  the  inspiration- 
inhibiting  influence  of  the  recurrent  laryngeal  nerve,  first  demonstrated 
by  Burkhart',  is  exerted  similarly.  Danilewsky'  states  that  re- 
moval of  the  cerebral  hemispheres  in  the  mammal  makes  the  respira- 
tions slower  but  more  energetic,  the  inspiratory  movements  becoming 
more  powerful.  During  the  last  few  years  also  various  observers  have 
found  alteration  in  the  respiratory  rhythm  to  accompany  electrical 
stimulation  of  various  localities  in  the  anterior  portions  of  the  brain. 
Thus  Danilewsky'  found  the  respiratory  movements  of  dogs  and  cats 
slowed  with  an  initial  deeper  inspiration  by  stimulation  of  the  cauda 
of  the  corpus  striatum.  Stimulation  of  medium  strength  brought 
about  a  deep  inspiration,  followed  by  a  slow  expiration,  and  then  com- 
plete cessation  of  the  respiratory  movements,  which  often  lasted  longer 
than  the  stimulation.  He  saw  the  same  results  follow  stimulation  of 
the  **  facial  centre,"  though  he  is  in  doubt  whether  in  the  latter  case 
the  result  was  not  due  to  escape  of  the  current  to  deeper  parts :  he 
also  found  that  stimulation  of  the  corpus  striatum  caused  cessation 
of  a  quickening  of  the  respiratory  movements  brought  about  by  stimu- 
lation of  the  tibial  nerve.     Ferrier'  states,  erroneously,  that  Dani- 
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lewsky  had  found  electrical  irritation  of  the  interior  of  the  corpora 
quadrigemina  to  cause  a  deep  inspiration,  followed  by  prolonged  and 
powerful  expii'atory  eflforts,  and  had  in  this  anticipated  results  obtained 
by  Lauder  Brunton  and  himself.  From  this  I  conclude  that 
Brunton  and  Ferrier  have  found  these  results  to  follow  stimu- 
lation of  the  corpora  quadrigemina.  Balogh*  found  that  stimulation 
of  certain  convolutions  and  of  the  posterior  part  of  the  corpus  striatum 
caused  more  frequent  respirations;  while  stimulation  of  parts  of  the 
supersylvian  fold  caused  cessation  of  the  movements. 

As  already  stated,  Flourens  has  shewn  that  the  respiratory  centre 
of  the  frog  lies  well  forward  in  the  medulla  opposite  the  posterior  edge 
of  the  small  cerebellum.  The  comparison  of  tracings  such  as  that 
represented  in  Fig.  4,  of  which  I  have  many,  with  the  tracings  taken 
similarly  from  the  normal  frog,  shews  that  the  removal  of  cerebral 
hemispheres  and  optic  thalami  in  this  animal  produces  no  alteration 
in  the  'respiratory  movements:  unless  perhaps  a  slight  tendency  to 
greater  regularity  in  the  ratio  of  "throat"  to  "flank"  respirations  in 
a  given  time.  When  the  optic  lobes  are  removed,  I  am  inclined  to 
believe  that  the  respiration  is  affected,  but  I  have  never  been  able  to 
satisfy  myself  that  animals  upon  which  this  latter  operation  had  been 
performed  recovered  a  physiological  state  sufficient  to  give  a  fair 
basis  for  comparison.  Whether  this  be  so  or  not,  I  have  almost  in- 
variably found  that  such  frogs  breathe  much  less  often  than  normal 
frogs,  or  those  with  corpora  bigemina  intact.  The  observations  of 
Setschenow*  and  others  tending  to  demonstrate  the  existence  in 
the  corpora  bigemina  of  a  centre  inhibiting  the  reflex  actions  of  the 
spinal  cord  made  it  especially  desirable  to  see  if  there  were  not  also  In 
them  centres  influencing  the  centre  for  the  respiratory  movements, 
which  if  not  reflex  in  its  normal  working  is  at  least  largely  subject  to 
reflex  control. 

The  general  method  of  operating  in  order  to  remove  the  fore  parts 
of  the  brain  of  the  frog  is  too  well  known  to  need  a  detailed  description 
here.  After  dividing  the  skin  in  the  middle  line,  I  have  always  removed 
a  piece  of  the  skull  with  a  small  trephine  applied  in  a  lozenge-shaped 
area  which  is  seen  to  be  bounded  on  the  sides  by  four  small  vessels. 
The  posterior  edge  of  the  opening  thus  made  extends  back  to  about 
opposite  the  posterior  margin  of  the  cerebral  hemispheres,  and  the 
aperture  was  enlarged  with  scissors  until  the  front  edges  of  the  optic 
lobes  came  into  view.  These  were  carefully  and  completely  separated 
by  a  cataract  knife  from  the  parts  of  the  brain  in  front  of  them,  and 
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the  latter  were  removed  from  the  cranial  cavity;  the  incision  in  the 
skull  being  usually  carried  forwards  to  facilitate  this  removal.  The  edges 
of  the  skin  were  then  brought  carefully  in  contact,  without  sutures, 
and  the  animal  placed  in  a  dish  containing  a  little  water  and  left  until 
the  wound  healed  up.  Usually  not  three  drops  of  blood  are  lost,  but 
sometimes  when  the  operation  seems  to  have  been  carried  out  in 
exactly  a  similar  manner  there  is  considerable  bleeding.  The  point 
most  needing  attention  is  that  the  optic  lobes  be  completely  severed 
fix)m  the  parts  in  front  of  them,  before  the  latter  are  pushed  forwards 
preliminary  to  removal;  if  the  optic  lobes  be  dragged  in  the  least 
the  animal  does  not  recover  normally,  but  exhibits  either  for  some 
days  or  permanently  a  tendency  to  lean  on  one  side.  When,  on  the 
other  hand,  the  operation  has  been  neatly  performed,  the  animal,  from 
the  moment  that  it  is  placed  in  the  dish,  sits  up  and  breathes  in  a 
normal  manner,  exhibiting  no  tendency  whatever  to  make  spontane- 
ous movements.  In  other  cases  movements  may  occur  for  some  time 
after  the  operation,  and  if  there  has  been  much  bleeding  the  frog 
squats  down  in  an  unnatural  position  for  some  hours.  Sometimes 
too,  from  a  cause  which  I  have  been  unable  to  detect,  the  animal 
sits  up  at  first  in  an  abnormally  erect  position,  and  such  rarely  re- 
cover completely.  My  observations  were  made  upon  frogs  which  had 
assumed  a  normal  and  symmetrical  position  from  the  first,  and  were 
never  commenced  until  at  least  three  days  had  elapsed  after  the  opera- 
tion ;  in  most  cases  not  until  after  a  week  or  more.  Animals  which  did 
not  exhibit  lively  reflex  movements,  and  which  were  not  capable  of 
jumping  vigorously,  were  not  employed.  The  experiments  were  carried 
on  upon  autumn  and  winter  frogs  in  the  months  of  November,  Decem- 
ber, and  January.  The  animals  were  kept  in  dishes  containing  a  little 
water,  changed  daily,  and  in  a  room  at  from  13** — 18**  C. :  they  were 
not  fed,  as  experience  shewed  me  that  for  the  week  or  two  during 
which  I  desired  to  keep  them,  they  did  better  without  food;  or  at 
least  without  the  exhausting  struggle  which  the  attempt  to  open  their 
mouths  called  forth. 

When  an  experiment  was  to  be  carried  out,  the  animal  was  placed 
on  the  leaden  platform  in  the  manner  already  described  and  tracings 
taken  of  the  throat  movements  at  intervals  of  15 — 20  minutes  for  from 
1}  to  2^  hours.  In  this  way  the  frog  got  used  to  its  new  circum- 
stances, and  a  knowledge  of  the  respiratory  rhythm  of  the  individual 
was  obtained.  The  edges  of  the  skin  where  they  had  united  over  the 
skull  wound  were  then  separated  and  a  small  crystal  of  pure  sodium 
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chloride  placed  in  contact  with  the  cut  end  of  the  optic  lobes.  To 
do  this  it  was  necessary  to  clear  away  material  which  had  accumulated 
in  the  cranial  cavity,  and  this  usually  caused  some  bleeding.  At  first 
I  contented  myself  with  laying  the  crystal  of  salt  on  the  ends  of  the 
optic  lobes,  and  left  it  there  to  dissolve  in  the  blood  which  collected 
in  the  cranial  cavity.  In  my  later  experiments  the  salt  was  not  applied 
until  the  blood  had  been  sopped  out  by  a  bit  of  absorbent  paper,  and 
these  have  given  more  uniform  results.  If  the  **  resistance  "  theory  of 
the  cause  of  the  rhythm  of  the  respiratory  movements,  so  ably  advo- 
cated by  Rosenthal',  aud  I  believe  now  generally  accepted,  be  em- 
ployed, the  immediate  and  most  marked  eflfect  on  the  respiratory  centre 
may  be  thus  expressed:  the  stimulation  of  the  optic  lobes  by 
salt  diminishes  the  resistance  to  the  discharge  of  the  in- 
spiratory centre,  usually  leading  for  a  time  to  a  condition 
of  tetanic  inspiration,  and  increases  the  resistance  to  the 
discharge  of  the  expiratory  centre,  leading  to  rare  expira- 
tions which,  when   they  occur,  are  of  great  violence. 

Immediately  after  the  salt  is  placed  upon  the  optic  lobes  the 
animal  exhibits  violent  movements,  which  render  it  impossible  for 
some  minutes  to  get  a  tracing.  The  majority  of  these  movements, 
even  if  the  animal  be  placed  upon  a  dry  table,  are  seen  to  be  une- 
quivocal swimming  movements,  varied  occasionally  with  movements 
of  progression,  often  of  the  "  circus"  type,  probably  from  an  asym- 
metrical position  of  the  salt  upon  the  optic  lobes.  The  animal  croaks 
frequently  and  these  croaks  are  repeated  at  intervals  for  more  than  an 
hour.  The  throat  is  held  for  some  time  in  a  state  of  retraction  (except 
during  the  croaks),  i.e,  there  is  a  tetanic  inspiratory  discharge  and 
complete  inhibition  of  the  expiratory  centre.  In  four  or  five  minutes 
very  powerful  expirations  begin  to  occur,  the  throat  during  the  long 
intervals  being  still  held  retracted.  In  ten  or  fifteen  minutes  the 
animal  usually  becomes  quiet  enough  to  allow  a  tracing  to  be  taken, 
although  for  some  half  an  hour  or  longer  it  continues  to  exhibit  fre- 
quent spontaneous  movements;  but  these  have  no  longer  the  swim* 
ming  character ;  it  either  jumps  away  or  crawls  ofi*  the  edge  of  the 
lead  plate.  Henceforward  there  is  a  gradual  change  in  a  uniform 
direction:  the  active  expirations  become  more  numerous  and  less 
forcible :  at  last,  somewhat  suddenly,  the  throat  passes  from  a  state 
of  retraction  during  the  respiratory  pauses  to  one  of  protrusion, 
and  for  a  time  the  respirations  are  more  powerful  than  normal, 
less  frequent,  and  all  of  the  "flank"  type.     This  gradually    passes 
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into  the  normal  state.  Three  or  four  hours  after  the  salt  has  been 
applied  a  "  throat "  respiration  occurs  now  and  then :  these  gradually 
become  more  frequent,  and  on  the  next  day  the  animal  is  breathing 
in  its  usual  manner,  with  on  the  average  four  or  five  ** throat"  respi- 
rations to  one  **  flank,"  and  all  of  about  their  usual  force.  In  one  or 
two  cases  the  course  of  events  has  been  different :  after  the  animal 
had  reached  that  condition  in  which  the  respirations  are  fairly  nume- 
rous and  all  of  the  flank  type,  no  further  progress  was  made  towards 
recovery:  the  respirations  became  feebler  and  rarer,  at  last  barely 
perceptible,  the  skin  on  the  back  dried  up,  and  death  supervened  at  the 
end  of  about  24  hours. 

The  tracing  represented  in  Fig.  8,  PI.  vi.,  is  a  typical  one,  shewing 
the  first  effect  of  the  salt.  Seven  tracings  taken  at  intervals  from 
11  a.m.  to  12.30  p.m.  had  shewn  the  animal  to  be  breathing  in  a 
fairly  normal  manner,  but  the  "  flank  "  respirations  less  numerous  and 
less  marked  than  ordinary.  At  12.35  a  crystal  of  salt  was  carefully 
laid  on  the  anterior  cut  end  of  the  optic  lobes.  Croaks  and  swimming 
movements  followed:  then  leaps  and  walking  forwards.  Respiratory 
movements  were  observed  for  a  few  seconds  after  the  application  of  the 
salt,  they  then  ceased  entirely  (except  croaks)  with  the  throat  muscles 
in  a  state  of  retraction.  At  12.43  respirations  recommenced  and,  the 
animal  being  now  sufficiently  quiet,  the  tracing,  Fig.  8,  was  obtained 
at  12.46.  It  shews  the  sudden  and  violent  protrusions  (active  expira- 
tions) with  which  the  throat  retraction  was  now  from  time  to  time 
interrupted  and  the  immediate  return  of  the  throat  to  its  state  of 
retraction  (inspiration)  after  each  of  these  expirations.  Five  of  these 
respirations  occurred  in  a  minute  :  the  average  number  of  respirations 
in  the  seven  preceding  tracings  was  64*5  per  minute,  varying  from  72  to 
57*5  :  the  temperature  had  not  altered  a  degree  (having  risen  only  from 
IG'l**  C.  to  16*8**).  Until  1.10  this  state  of  things  remained  practically 
the  same,  except  that  the  throat  protrusions  became  a  little  more  nume- 
rous ;  but  the  animal  was  so  restless  as  to  make  it  impossible  to  get  a 
continued  trace.  At  1.10  the  number  of  respirations  was  15  in  a  minute 
and  they  were  less  powerful,  but  the  throat  was  still  retracted  in  the 
intervals  :  this  tracing  is  given  in  Fig.  9.  At  1.22  the  animal  jumped 
out  of  the  dish,  and  when  replaced  it  was  found  that  the  periods  of 
throat  retraction  had  ceased:  the  respirations  now  occurred  regularly 
at  the  rate  of  31  per  minute,  were  all  of  the  "  flank "  type,  but  more 
powerful  than  normal :  see  tracing,  Fig.  10.  This  condition  lasted  for 
some  time:  then  one  or  two  "throat"  respirations  per  minute  occurred, 
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and  at  3.35  "throat**  and  "flank"  respirations  alternated  nearly  regu- 
larly, and  the  throat  protrusions  of  the  •* flank"  respirations  had 
diminished  to  about  their  usual  size  (Fig.  11). 

This  example,  selected  from  a  number  which  essentially  agree  with 
it,  shews  clearly  enough  the  influence  of  stimulation  of  the  optic  lobes 
upon  the  resistances  to  discharge  of  the  inspiratory  and  expiratory 
centres,  but  a  close  examination  shews  that  this  is  not  the  whole  effect: 
the  amount  of  discharge  in  a  given  time  is  also  influenced, 
being  diminished  for  the  inspiratory  and  increased  for  the  ex- 
piratory centre*  Adopting  the  usual  theory,  this  might  be  brought 
about  either  by  an  influence  exerted  upon  the  irritability  of  those 
centres,  or  by  an  alteration  in  the  amount  of  stimulus  acting  upon 
them  in  a  given  time,  or  by  both  these  together;  of  these  three 
possible  methods  the  flrst  seems  to  me  the  most  probable,  as  it  is 
difficult  to  conceive  how  the  stimulation  of  the  optic  lobes  could  afiect 
the  total  amount  of  stimuli  acting  upon  the  respiratory  centres.  Adopt- 
ing it  provisionally,  the  above  fact  might  be  expressed  by  the  statement 
that  irritation  of  the  optic  lobes  diminishes  the  irritability 
of  the  inspiratory  centre  and  increases  that  of  the  expiratory. 
In  Fig.  8  this  effect  is  not  very  easily  recognised,  especially  as  regards 
the  inspiratory  centre,  for  it  is  almost  impossible  to  form  an  opinion 
as  to  how  much  discharge  in  a  unit  of  time  is  represented  by  the  con- 
tinued throat  retraction  periods.  It  is  more  obvious  as  regards  the 
expiratory  centre,  for  while  the  expiratory  discharges  are  only  between 
two  and  three  times  less  numerous  (5  to  12  or  15)  in  a  minute  than 
normal,  they  are  certainly  far  more  than  three  times  as  powerful  In 
the  tracing  given  in  Fig.  9  this  is  still  more  obvious,  for  while  the  ex- 
pirations have  now  about  their  normal  rate  (15  per  minute),  they  are 
considerably  more  powerful.  In  Fig.  10,  when  the  throat  retraction 
periods  have  ceased,  we  see  clearly  the  less  than  normal  amount  of 
discbarge  from  the  inspiratory  centre.  The  resistance  to  the  discharges 
from  this  centre  is  still  small,  though  now  beginning  to  increase  as  the 
influence  of  the  salt  passes  off,  but  nevertheless  the  discharges  are  less 
frequent  than  normal;  and  appear  only  to  be  called  forth  by  that 
compression  of  the  lungs  by  the  expiratory  muscles  which  I  have 
already  referred  to  as  the  probable  cause  of  the  greater  throat  retrac- 
tions of  the  ''  flank  respirations.**  If  the  amount  of  discharge  were  not 
less  than  with  unirritated  optic  lobes,  we  should  certainly,  with  the 
small  resistance  now  present,  have  a  "  throat  respiration  *'  at  the  points 
marked  a  in  tracing  10,  where  the  horizontal  line  drawn  by  the  lever 
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indicates  that  the  throat  was  for  some  time  at  rest  in  its  position  of 
equilibrium  before  the  next  expiration  (a  ''flank"  one),  indicated  by 
the  sudden  descent  of  the  curve,  occurred.  In  Fig.  11  too,  where  the 
throat  respirations  have  recommenced,  their  small  number  (in  spite  of 
the  slight  resistance  to  the  discharges  of  the  inspiratory  centre,  indicated 
by  their  feebleness)  shews  that  the  amount  of  discharge  firom  the  in* 
spiratoiy  centre  in  a  given  time  is  less  than  normal 

This  general  fact,  of  the  diminution  of  the  amount  of  discharge  in 
the  unit  of  time  from  the  inspiratory,  and  its  increase  from  the  ex- 
piratory centre,  is  however  much  more  readily  recognised  in  some  other 
cases,  of  which  I  will  give  one  in  detail  (see  next  page),  as  it  also  shews 
the  influence  of  feeble  stimulation  of  the  optic  lobes,  which  illustrates 
the  same  fact.  The  time  in  this  case,  as  in  all  the  others,  was  taken 
for  each  tracing  separately  by  an  ordinary  magneto-electric  chronograph 
worked  by  a  metronome ;  and  the  number  of  respirations  per  minute 
given  in  columns  4  and  5  was  always  counted  for  a  full  minute  unless 
the  frog  moved  away  sooner,  or  some  accident  made  part  of  the  tracing 
illegible.  In  these  latter  cases  the  fraction  of  a  minute  during  which 
the  respirations  were  actually  counted  is  indicated  in  column  4  by  the 
numbers  in  brackets. 

This  experiment  again  shews  quite  clearly  the  influence  of  powerful 
stimulation  of  the  optic  lobes  in  diminishing  the  resistance  to  inspira- 
tory, and  increasing  that  to  expiratory,  discharges.  The  salt  first  pro- 
duced tetanic  throat  retraction,  with  total  inhibition  of  the  expiratory 
centre.  Then  (Obs.  19  and  20)  a  state  of  things  like  that  represented 
for  another  frog  in  Fig.  8  (the  animal  being  in  this  case  too  restless  to 
allow  the  corresponding  tracings  to  be  taken),  viz.  long  periods  of 
tetanic  throat  retraction  interrupted  by  rare  and  violent  expirations, 
after  each  of  which  the  throat  retraction  was  immediately  resumed. 
This  opposite  effect  upon  the  two  centres  is  however  most  clearly 
shewn  in  Observations  21 — 31  (Figs.  15,  16,  17),  where  the  feeble 
inspiratory  discharges  (except  when  increased  in  the  manner  before 
pointed  out,  by  an  immediately  preceding  expiration)  contrast  strongly 
with  the  powerful  expirations,  whose  force  shews  that  the  impulses 
originating  in  the  expiratory  centre  had  to  gather  great  head  before 
they  could  overcome  the  resistance  to  their  discharge.  Inversely  of 
course  the  feeble  extent  of  the  unaided  inspiratory  movements  shews 
that  the  resistance  opposed  to  inspiratory  discharges  was  abnormally 
small. 
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Turning  now  from  the  resistance  opposing  an  individual  discharge,  to 
the  total  amount  of  inspiratory  or  expiratory  discharge  taking  place  in  a 
given  time,  we  find  in  the  tracings,  I  think,  evidence  of  the  proposition 
stated  above,  that  the  total  inspiratory  discharge,  in  say  a  minute,  is 
diminished  and  the  expiratory  increased.     Taking  the  expiratory  centre 
first,  we  find  that  in  this  frog  before  the  salt  was  applied  it  was  hardly 
active.     In  Obs.  4,  5,  and  G  it  did  not  discharge  once  a  minute,  yet 
the  resistance  to  it  was  not  great,  as  shewn  by  the  only  normally  large 
discharge  when  it  did  occur.     When  the  optic  lobes  were  very  feebly 
stimulated    active    expirations    became  much  more    numerous    (Obs. 
7 — 12),  the  resistance  still  remaining  practically  unaltered  :  but  it  may 
be  doubted  whether  this  increase  was  not  due  rather  to  the  general 
irritation  of  the  frog  in  holding  it  to  open  the  cranial  cavity,  &c.,  than 
to  the  immediate  influence  of  the  small  salt  crystal,  acting  through  the 
layer  of  material  covering  the  ends  of  the  optic  lobes.     When  however 
this  layer  was  removed,  and  a  very  small  salt  crystal  carefully  applied 
directly  to  the  optic  lobes,  a  much  more  definite  result  was  obtained : 
there   were  55*5  expiratory  discharges  in  a  minute  (Obs.  13),  each  of 
about  its  usual  amount,  so  that  the  resistance  did  not  seem  to  have  been 
affected  by  this  amount  of  stimulation;  the  slightness  of  which  was 
further  evidenced  by  its  not  calling  forth  croaks  or  swimming  move- 
ments.   The  state  of  things  is  in  fact  very  like  that  seen  later  when 
the  influence  of  more  powerful  stimulation  was  beginning  to  pass  off. 
When  more  salt  is  applied  so  as  to  affect  also  the  resistance  to  the 
discharge  of  the  centre  it  is  much  more  difficult  to  make  an  estimate 
of  the  amount  of  discharge  in  a  given  time,  since  it  is  hard  to  get  even 
an  approximate  idea  to  how  many  of  the  smaller  discharges  one  of 
the  larger  is  equivalent.     When  the  effect  of  the  salt  begins  to  pass  off 
however,  and  the  resistance  to  the  expiratory  discharges  becomes  again 
somewhat  less,  it  becomes  also  easy  to  see  that  the  total  expiratory 
discharge  in  a  given  time  is  above  the  normal.     In  Observations  33 
and  34,  c.gr.,  there  are  more  than  thirty  expiratory  dischai^es   in   a 
minute,  and  each  of  more  than  normal  amount. 

With  reference  to  the  inspiratory  centre,  the  influence  of  the  stimu- 
lation of  the  optic  lobes  upon  its  total  discharge  in  the  unit  of  time  is 
also  difficult  to  estimate  in  the  stage  of  greatest  stimulation ;  the  throat 
is  then  tetanically  contracted,  and  one  cannot  say  to  how  many  normal 
discharges  a  giyen  period  of  this  retraction  is  equivalent.  But  when 
this  condition  begins  to  pass  off  and  feeble  throat  movements  appear, 
it   seems   tolerably   plain   that   they  represent  less   than  the   normal 


166  E.  NEWELL  MARTIN. 

amount  of  discharge  from  the  inspiratory  centre.  In  Obs.  21  (Fig.  15), 
where  the  total  number  of  respirations  is  62  per  minute^  it  might  be 
supposed  perhaps  that  in  spite  of  the  feebler  resistance  overcome,  as 
indicated  by  their  small  extent,  the  increased  number  (as  compared 
with  the  average  number  of  inspirations,  45  per  minute,  before  the  salt 
was  applied)  made  up  for  the  deficiency  in  size.  But  in  Observations 
22 — 28  it  is  seen  that  the  average  number  of  inspirations  per  minute  is 
under  fifty,  and  here  the  increase  in  number  of  3  or  4  per  minute 
certainly  does  not  compensate  for  the  diminution  in  amount  of  each. 
Were  the  resistance  as  small  as  these  feeble  movements  shew  it  to  be, 
and  at  the  same  time  the  total  discharge  from  the  inspiratory  centre 
anything  approaching  its  normal  amount  (see  Fig.  4),  the  niimber  of 
inspiratoiy  discharges  per  minute  would  certainly  rise  far  above  50. 

So  far  then  as  stimulation  of  the  optic  lobes  is  concerned,  we  have, 
I  think,  sufficient  evidence  to  justify  the  propositions  which  I  stated, 
before  giving  the  experimental  details  upon  which  they  were  based. 
It  would  have  been,  no  doubt,  desirable  to  observe  if,  when  the  full 
effects  of  optic  lobe  stimulation  had  manifested  themselves,  the  sever- 
ance of  those  parts  from  the  medulla  removed  those  effects.  But  as 
Kramsztttk^  has  pointed  out,  a  frog  whose  brain  in  front  of  the 
medulla  is  removed,  will  not  stay  still  a  moment ;  it  crawls  about  for 
hours,  presenting  a  striking  contrast  to  the  motionless  fix>g  with  its 
optic  lobes.  It  is  therefore  impossible  to  get  a  respiratory  tracing  from 
such  frogs,  at  any  rate  in  their  normal  position,  until  some  hours  after 
the  operation  has  been  performed,  when  it  would  be  useless  for  com- 
parison ;  and  then,  moreover,  as  I  pointed  out  above,  the  animals  seem 
thoroughly  exhausted  and  in  an  unphysiological  state. 

In  the  facts,  however,  that  the  characteristic  results  of  the  stimu- 
lation were  not  called  forth,  at  least  to  nearly  their  full  extent,  unless 
the  salt  was  so  applied  as  to  excite  centres  (those  for  croaking  and 
swimming)  known  to  be  situated  in  the  optic  lobes,  and  that  when  these 
centres  were  excited  the  characteristic  effects  on  the  respiratory  move- 
ments never  failed  to  appear,  we  have,  I  think,  strong  presumptive 
evidence  that  these  effects  depend  on  stimulation  of  an  optic  lobe 
centre.  That  they  do  not  depend  upon  the  salt  soaking  through  and 
attacking  the  respiratory  centres  in  the  medulla  directly,  seems  to  be 
shewn  by  the  rapidity  with  which  the  application  of  the  salt  to  the 
optic  lobes  is  followed  by  the  respiratory  disturbance;  within  a  few 
seconds  tetanic  throat  retraction  is  usually  seen.  That  they  do  not 
depend  merely  on  the  stimulation  of  the  cut  ends  of  fibres  which 
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passed  from  the  fore  brain  through  the  optic  lobes  to  the  medulla 
oblongata^  but  on  the  stimulation  of  an  optic  lobe  centre,  seems  to  be 
shewn  by  the  fact  that  when  the  amount  of  salt  applied  is  so  small  as 
not  to  excite  other  optic  lobe  centres  (Obs.  13  in  the  experiment  given 
in  detail),  the  characteristic  respiratory  effects  are  also  in  great  part 
wanting.  The  salt  appears  to  be  required  in  sufficient  quantity  to 
penetrate  into  the  optic  lobes,  mere  stimulation  of  the  cut  surface  not 
being  sufficient,  as  it  would  be  if  the  effect  were  due  to  irritation  of 
fibres  passing  as  above  supposed. 

Another  objection  may  be  raised  to  the  view  which  I  have  taken, 
an  objection  based  on  the  long  continuance  of  the  effect  of  the  stimula- 
tion ;  which  may  be  supposed  to  indicate  rather  the  paralysis,  due  to 
injury,  than  the  excitement  of  a  respiration-regulating  centre  in  this 
part  of  the  brain.  The  reasons  which  lead  me  to  ascribe  the  effects  to 
a  stimulation  rather  than  a  paralysis  are  these.  First,  the  complete 
recovery  of  the  animal  in  most  cases ;  this  shews  that  there  has  been  at 
least  no  actual  destruction  of  the  regulating  centre,  such  as  might  be 
supposed  to  be  brought  about  by  the  action  of  the  salt.  Second,  the 
action  on  the  other  centres  of  the  optic  lobes  is  obviously  excitant ;  the 
croaking,  swimming,  and  locomotor  centres  are  all  stirred  up  to  activity, 
and  it  is  a  priori  improbable  that  the  same  influence  which  excites 
them  will  paralyse  the  respiration-regulating  centre.  Third,  the  ac- 
tivity aroused  in  some  other  optic  lobe  centres  by  the  salt  lasts  nearly 
aa  long  as  the  effects  on  the  respirations.  The  swimming  movements 
soon  cease ;  but  the  animal  has  a  tendency  to  crawl  about  for  nearly 
an  hour  in  many  cases,  not  continuously  it  is  true,  but  at  short  in- 
tervals ;  so  that  we  have  a  tolerably  long-lasting  irritation  of  the  centre 
exciting  and  coordinating  the  locomotor  apparatus.  The  croaks,  too, 
occur  at  intervals  in  many  cases  for  more  than  an  hour  and  a  half; 
but  the  centre  whose  excitement  lasts  longest  is  that  inhibiting  the 
reflex  actions  of  the  cord  (Setschenow^.  Again  and  again  I  find  in  my 
notes  that  the  time  when  the  animal  begins  once  more  to  shew  reflex 
irritability  is  just  when  the  influence  of  the  salt  upon  the  respiratory 
movements  is  beginning  to  pass  off,  or  after  it  has  commenced  already 
to  weaken.  I  find  it  nearly  always  noted  that  the  animal,  after  having 
borne  the  lever  without  trouble  or  readjustment  for  a  considerable 
time  (commencing  from  the  cessation  of  the  crawling  movements), 
''now  begins  again  to  shew  signs  of  reflex  irritability,"  pushing  the 
lever  away,  or  sometimes  crawling  off  the  edge  of  the  dish,  such  re- 
flexes having  been  suppressed  hitherto  from  the  time  of  application 
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of  the  salt.  In  the  experiment  given  in  detail,  e.g.^  the  frog  gave 
no  trouble  from  2.45  p.  m.,  when  (in  this  particular  case)  the  crawling 
movements  had  ceased,  until  after  5.30  p.  m.,  when  it  pushed  away 
the  lever  and  crawled  out  of  the  dish,  shewing  that  the  excitement 
of  the  inhibitory  centres  of  Setschenow  had  lasted  until  that  time ; 
and  immediately  after  this,  as  the  next  tracings  shew,  the  frog  began 
its  steady  progress  back  to  a  normal  mode  of  breathing.  The  long 
continuance  of  the  respiration-modifjring  effects  of  the  salt  applied  to 
the  optic  lobes  is  then  not  by  any  means  inconsistent  with  the  view, 
more  probable  on  other  grounds,  that  its  action  is  stimulant  rather  than 
paralysing.  On  the  other  hand,  the  almost  invariable  connection  which 
I  have  found  between  the  time  when  the  inhibitory  effect  of  optic 
lobe  stimulation  on  the  general  reflex  actions  of  the  animal  begins 
to  pass  off  and  the  time  when  the  respiratory  effects  begin  also  to 
pass  off,  suggests  strongly  a  close  relationship  between  this  respira- 
tion-regulating centre  and  the  general  reflex-regulating  centre,  even 
should  the  two  not  be  identical.  Two  experiments  with  injection  of 
quinine  into  the  dorsal  lymph  sac,  made  with  the  view  of  seeing 
whether  the  quinine  excited  the  respiration-regulating  centre,  as  it 
has  been  stated  to  excite  the  reflex-inhibiting,  gave  me  no  definite 
results;  but  the  animals  were  not  in  a  satisfactory  state,  my  winter 
supply  of  frogs  having  run  short. 

Several  theoretical  points  of  interest  are  suggested  by  the  results  of 
the  foregoing  experiments,  but  most  require  further  investigation,  and 
I  will  only  refer  to  one  here.  The  rhythmic  alternation  of  the  inner- 
vation of  expiratory  and  inspiratory  muscles  may  be  accounted  for, 
either  by  supposing  the  existence  of  independent,  though  closely 
related,  inspiratory  and  expiratory  nervous  centres  (Budge),  or  by  the 
hypothesis  of  a  single  respiratory  centre  capable  of  discharging  to  either 
group  of  muscles  according  to  circumstances.  Rosenthal*  discusses 
the  question  and  decides  in  favour  of  a  single  centre,  with  two  resist- 
ances in  relation  with  it;  one  intercalated  on  the  road  to  the  in- 
spiratory nerves,  and  the  other  on  that  to  the  expiratory.  Whether  an 
inspiratory  or  an  expiratory  discharge  shall  issue  from  the  centre  will 
then  depend  on  the  ratios  of  the  two  resistances;  and  since  in  most 
mammals  the  expiratory  resistance  is  greater,  no  active  expirations 
occur  at  all  in  their  normal  breathing.  The  results  of  optic  lobe 
stimulation  shew  that  this  hypothesis  will  not  hold  good  for  the  frog, 
since  they  make  it  obvious  that  impulses  tending  to  produce  expiratory 
discharges  have  not  the  path  to  tJie  inspiratory  muscles  open  to  them. 
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For,  during  stimulation  of  the  optic  lobes,  the  resistance  on  the  latter 
route  is  abnormally  small,  as  shewn  at  first  by  the  tetanic  contraction 
of  the  inspiratory  muscles,  and  later  by  the  feeble  throat  respirations, 
while  the  resistance  on  the  expiratory  route  is  abnormally  large.  If 
the  impulses  originated  in  the  same  centre  and  took  merely  the  more 
open  road,  there  could  arise  no  such  accumulation  as  that  which  finally 
overcomes  the  enormous  resistance  to  the  expiratory  discharges  and 
calls  forth  the  powerful  expiratory  movements  depicted  in  Figures  8, 
15,  16,  &c.  We  must  assume  that  the  impulses  which  finally  break 
forth  along  the  expiratory  nerves  are  not  able  to  travel  into  the  in- 
spiratory nerves;  and  that  we  have  really  two  distinct  centres,  one 
for  inspiration  and  one  (normally  less  easily  discharging)  for  expiration, 
and  that  each  has  its  own  stimulus  and  generates  its  own  nervous 
impulse  which  can  travel  only  to  its  own  set  of  muscles,  quite  inde- 
pendently of  the  resistance  opposed  to  discharge  from  the  other  centre. 

This  seems  also  a  necessary  deduction  from  the  normal  mode  of 
breathing  in  the  frog,  for  were  both  inspiratory  and  expiratory  muscles 
innervated  from  the  same  centre  no  "flank  respirations"  could  occur, 
the  resistance  along  the  paths  to  the  muscles  producing  the  throat 
respirations  being  less  than  that  in  the  paths  to  the  expiratory  muscles 
of  the  flanks :  the  nervous  impulses  would,  so  to  speak,  be  constantly 
"tapped"  and  never  accumulate  so  as  to  discharge  to  the  flank  muscles. 
As  these  latter,  however,  do  contract  at  intervals,  this  tapping  clearly 
does  not  take  place  with  respect  to  the  impulses  generated  for  the  ex- 
piratory muscles,  which  finally  gain  head  (the  throat  movements  not 
renovating  the  air  in  the  lungs  as  the  inspiratory  discharges  with  passive 
jexpirations  do  in  the  lungs  of  the  mammal)  until  they  overcome  the 
opposing  resistance.  In  what  manner  the  immediately  succeeding 
greater  inspiratory  discharge  is  brought  about,  I  have  already  tried 
to  explain. 

In  conclusion,  I  would  point  out  that  the  results  of  chemical  stimu- 
lation of  the  optic  lobes  in  the  frog  seem  to  agree  very  well  with  the 
results  of  electrical  stimulation  of  the  corpora  quadrigemina  in  the 
mammal,  as  described  by  Ferrier^  His  account,  it  is  true,  is  some- 
what indefinite,  and  is  given  as  a  confirmation  of  results  of  Dani- 
lewsky's,  which  the  latter  did  not  obtain.  Ferrier's  words,  speaking 
of  the  effect  of  stimulation  of  the  interior  of  the  corpora  quadrigemina, 
are  "  the  respiratory  rhythm  is  also  altered  in  a  marked  degree ;  irrita- 
tion causing  a  deep  inspiration,  followed  by  prolonged  and  powerful 
expiratory  efforts."     Here  it  seems  probable  that  between  the  expira- 
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tions  the  chest  was  in  a  tetanic  inspiratory  position ;  and  if  so,  the 
state  of  things  will  almost  exactly  correspond  with  the  results  of  chemi- 
cal stimulation  of  corresponding  parts  in  the  frog. 

Note.  The  very  small  secondary  curves  seen  in  some  of  the  trac- 
ings in  Figs.  4,  10,  20,  &c.,  are  due  to  vibrations  of  the  stand  carrying 
the  lever,  the  floor  of  my  work-room  being  unfortunately  not  very 
steady, 

Baltixobb,  March  18, 1878. 
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AN  ACCOUNT  OF  TWO  EXPERIMENTS  ILLUSTRAT- 
ING  THE  EFFECTS  OF  STARVATION,  WITH 
AND  WITHOUT  SEVERE  LABOUR,  ON  THE 
ELIMINATION  OF  UREA  FROM  THE  BODY.  By 
WILLIAM    NORTH,    B.A.,    Sidney    Sussex  College,   Cwmbridffe. 

(PI.  vn.) 

In  all  experiments  made  with  a  view  to  the  determination  of  the  rela- 
tions of  the  nitrogenous  excreta  to  muscular  power,  one  of  the  greatest 
difficulties  to  be  met,  is  that  of  accurately  estimating  the  nitrogen 
ingested,  and  hence  of  understanding  the  true  meaning  of  the  nitro- 
genous excreta.  In  September  last  I  made  the  following  experi- 
ment, which  is  hardly  more  than  a  repetition  of  that  of  Fick  and 
Wislicenus,  with  this  modification,  that  not  only  during  the  work, 
but  also  for  some  time  before  and  after  it,  the  nitrogen  ingested  was 
reduced  to  a  minimum,  so  that  any  increase  in  the  nitrogen  excreted 
might  be  the  more  obvious. 

The  experiment  was  conducted  as  follows.  The  urine  was  collected 
from  8  a.m.  to  8  p.m.,  and  again  from  8  p.m.  to  8  a.m.,  beginning  at 
8  a.m.  on  Monday,  September  the  3rd,  and  ending  8&m.  on  Thurs- 
day, Sept.  6th,  and  analysed.  On  Sept.  6th,  7th,  8th,  9th,  and  10th, 
the  urine  was  collected  at  short  intervals,  and  each  specimen  analysed. 
The  urea  was  estimated  by  Liebig's  method ;  the  chlorides  by  titration 
with  argentic  nitrate  directly*,  the  phosphates  by  titration  with  uranic 
acetate.  The  colour,  specific  gravity,  and  appearance  of  each  specimen 
were  also  observed,  and  the  nature  and  quantity  of  the  food  taken 
during  the  whole  period  carefully  noted. 

The  food*  on  the  3rd,  4th,  and  5th,  consisted  of  eggs,  bread,  meat, 
potatoes,  flour,  butter,  milk  and  tea.  On  the  6th  I  took  bread, 
rice,  butter,  milk,  and  tea.  On  the  7th,  rice,  milk,  and  tea;  on  the  8th, 
milk  and  tea;  and  on  the  9th  and  10th  I  returned  to  bread,  meat, 
potatoes,  green  vegetables,  oatmeal,  butter,  milk,  and  tea.  The  nitrogen 
of  all  the  meals  was  carefully  calculated  from  Fayen's"!*  tables. 

*  Hoppe-Seyler,  Physiologische  Chemie  (1875),  8.  307. 
f  Pricii  dei  $ub.^tance9  alimentaires.    Paris,  1865. 
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The  tables  I.  II.  III.  give  the  actual  data  obtained. 

Table  I.    Total  Urine  passed  per  diem. 


September 

•3rd, 

2285  cubic  centimetres. 

4th, 

1630 

5th, 

1086 

6th, 

1403 

7th, 

1594 

8th, 

706 

9th, 

669 

10th, 

1281 

Table  II.     See  p.  180. 
Table  III.    Comparison  of  Urea  with  Nitrogen  ingested. 

Urea  gnns.  Nitrogen  ingested. 

Sept.  3rd,    39-756   =  18*5528  grms.  nitrogen.       1695324 


4th, 

27-672   =12-9136 

16-73193 

5th, 

26-971    =12-5867 

13-34536 

6th, 

17-146   =   8-0012 

4-22872 

7th, 

14-421    =   6-7300 

1-36531 

8th, 

8-5774=   4-0027 

•39992 

9th, 

21-3536=   9-9650 

24-64482 

10th, 

33-6160  =  15-6872 

17-59316 

The  work  was  done  on  Saturday,  Sept.  8th,  and  consisted  in  the 
ascent  of  about  9000  feet  on  the  treadmill :  it  occupied  the  time  from 
7.15  a.m.  until  3.30  p.m.,  with  an  interval  between  8  and  9  a.m.  of 
one  hour  for  the  convicts'  breakfast,  and  two  hours  at  noon  for  dinner. 
I  was  on  the  wheel  for  fifteen  minutes  at  a  time,  and  then  took  five 
minutes  rest,  and  during  this  period,  immediately  after  coming  off  the 
wheel,  the  pulse  was  carefully  counted,  and  the  temperature  under  the 
tongue  taken  at  intervals  during  the  day.  I  had  intended  ascending 
10,000  feet,  but  found  the  labour  very  exhausting,  owing  chiefly,  no 
doubt,  to  the  want  of  food,  but  in  no  small  degree,  as  the  prison  autho- 
rities informed  me,  to  "want  of  practice;"  and  I  was  obliged  to  desist 
after  ascending  8912  feet,  my  pulse  then  registering  125  beats  a  minute. 
The  actual  loss  of  weight  sustained  during  the  work  amounted  to  3^  lbs. 
No  food  was  taken  until  a  little  before  11  a.m.  on  Sunday,  the 
interval  being  passed  in  perfect  rest,  twelve  hours  of  it  in  sleep.  I  had 
intended  waiting  several  hours  longer  before  taking  food,  but  the 
craving  was  too  great  to  be  resisted. 

The  relation  of  the  urea  excreted  to  the  quantity  of  nitrogenous  food 
ingested  is  obvious  on  an  examination  of  Table  III.     Thus  we  find, 
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on  Sept.  3rd,  ISgrms.  excreted  and  IGgrms.  ingested.  This  is  pro- 
bably to  be  accounted  for  by  the  previous  day's  food,  for  there  is  an 
obvious  correspondence  between  the  IGgrms.  ingested  on  the  3rd  and 
4th  and  the  12grms.  excreted  on  the  4th  and  5th.  Taken  in  this  way 
it  may  be  noticed  that  the  nitrogen  ingested  on  the  6th  is  much  less 
than  that  excreted  on  the  7th,  that  ingested  on  the  7th  bears  a  much 
smaller  ratio  to  that  excreted  on  the  8th,  whilst  the  ratio  of  the  nitro- 
gen ingested  on  the  8th  to  that  excreted  on  the  9th  is  nearly  seven 
times  less.  Continuing  the  comparison,  we  find  the  ratio  suddenly  re- 
versed, 9  grammes  more  nitrogen  being  ingested  on  the  9th  than  were 
excreted  on  the  10th.  Apparently  then  the  excretion  of  urea  has  been 
decidedly  increased  by  the  work  done.  This  increase  may  have  resulted 
in  one  of  three  ways ;  Istly,  it  may  be  due  to  the  wear  and  tear  of  the 
machinery  of  the  body;  2ndly,  it  may  represent  the  amount  of  fuel  in 
the  shape  of  nitrogenous  food  consumed  by  this  machinery  in  doing  the 
work ;  or,  3rdly,  it  may  represent  nitrogenous  food  which  has  not  been 
so  used,  but  broken  up  and  consumed  in  some  other  way,  which  is  how- 
ever highly  improbable. 

As  the  conditions  of  the  experiment  prevented  its  repetition  several 
days  in  succession,  no  average  could  be  taken,  as .  was  done  by 
Austin  Flint  in  his  experiments  on  Weston*,  and  the  constancy  of 
this  increase  cannot  be  proved  in  this  way.  The  only  course  open  is  to 
calculate  the  total  nitrogen  excreted  as  urea  up  to  the  time  when  food 
was  first  taken  after  the  work,  subtract  it  from  the  nitrogen  ingested, 
and  see  whether  the  difference  is  too  great  to  be  accounted  for  by  that 
which  might  have  been  excreted  in  some  form  other  than  urea.  As  the 
9*9650  grammes  of  nitrogen  excreted  as  urea  on  Sept  9th  includes  all 
the  urea  passed  up  to  8  a.m.  the  next  day,  it  may  possibly  have  been  in 
part  derived  from  the  food  taken  after  the  work.  The  only  way  to  eli- 
minate the  error,  which  would  undoubtedly  be  introduced  by  putting  it 
all  down  to  the  effect  of  the  work,  would  be  to  subtract  all  the  urea 
excreted  after  food  was  taken,  and  though  this  would  introduce  an  error 
in  the  opposite  direction  it  would  probably  be  very  much  less  than  the 
former.  And  even  if  we  assume  that  the  9*965  grammes  of  nitrogen 
excreted  on  the  9th  are  independent  of  the  food  so  taken,  and  take  the 
total  nitrogen  eliminated  as  urea  from  the  4th  to  the  9th  inclusive,  and 
compare  it  with  the  total  nitrogen  ingested  from  the  3rd  to  the  8th 
inclusive,  we  find  the  result  to  be  as  follows : 

•  Journ,  Anat,  and  Phyt,  Vol.  xn.  p.  133. 
PH.    I.  13 
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Nitrogen  excreted 54197  grammes. 

,,         ingested 53021         ,, 


Difference 1176 


»> 


A  difference  not  sufficient  to  warrant  the  conclusion  that  the  work 
caused  anything  more  than  a  rather  complete  elimination  of  the  nitro- 
gen which  had  been  taken  into  the  body  as  food. 

Upon  the  most  liberal  assumptions  then,  the  excess  (?)  of  nitrogen 
eliminated  wiU  not  account  for  the  3^  lbs.  lost  in  weight,  or  anything 
like  that  amount.  The  excess  of  the  nitrogen  ingested  on  the  9th 
oyer  that  excreted  as  urea  on  the  lOth^  can  I  think  be  accounted  for  in 
a  great  measure  by  the  enfeeblement  of  the  digestive  {)owers  by  the 
starvation  of  the  three  days  previous;  in  fact,  that  it  passed  unchanged 
into  the  fieces,  the  nitrogen  of  which  I  was  prevented  by  circumstances 
from  estimating. 

The  accompanying  curves  (PL  vn.  Fig.  1)  shew  very  clearly  the 
relation  of  the  nitrogenous  Ingesta  N.  I.  and  Egesta  N.  £.,  and  the 
increased  elimination  produced  by  the  work.  The  curve  representing 
the  Egesta  has  been  repeated  as  N.  £'.,  set  back  24  hours,  and  shews 
in  a  marked  degree  up  to  a  certain  point  the  relation  between  the 
nitrogen  ingested  on  one  day  and  that  excreted  on  the  next.  I  have 
not  thought  it  worth  while  to  attempt  any  comparison  between  the 
work  done  and  the  nitrogen  excreted,  as  the  data  upon  which  to  cal- 
culate it  were  unsatisfactory.  The  tread-wheel  is  at  the  best  a  clumsy 
machine,  and  the  loss  of  power  in  this  particular  case  by  friction,  &c. 
must  have  been  enormous,  as  it  required  18  convicts  to  keep  it  going 
well;  and  even  then,  the  effect  of  using  the  small  circular  saw,  to  which 
it  was  attached  at  the  time,  for  cutting  oak  branches  two,  three,  or  four 
inches  in  diameter,  could  be  most  distinctly  felt.  I  therefore  thitik 
that  to  simply  say  that  the  work  was  severe  and  exhausting  as  evinced 
by  the  state  of  the  pulse,  high  and  irregular,  and  the  loss  of  3^  lbs.  in 
weight,  will  be  far  less  likely  to  mislead  than  any  calculation  of  the 
work  done,  which  would  at  the  best  be  untrustworthy. 

In  order  to  check  the  former  experiment,  and  the  more  fully  to 
ascertain  the  effect  of  work  performed  during  inanition,  I  performed  a 
second  precisely  similar  experiment,  excepting  that  no  more  than  a 
very  ordinary  amount  of  exercise  was  taken.  The  abstinence  from 
food  was  somewhat  more  complete,  and  extended  over  a  slightly  longer 
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period.     The  experiment  was  begun  by  complete  evacuation  of  the 
bladder  at  6.13  p.m.  on  Wednesday,  April  17th. 

The  meals  t^en  were  very  similar  to  those  of  the  previous  experi- 
ment, being  bread,  meat,  eggs,  butter,  milk,  &c.  On  Sunday  the'  21st 
I  took  some  butter  only,  on  Monday  and  on  Tuesday  to  6  p.m.  I  took 
absolutely  no  nitrogenous  food  at  all.  The  nitrogen,  as  before,  was 
estimated  by  Fay  en's  tables. 

Table  IV.     See  page  183. 
Table  V.    Nitrogen  ingested  in  the  24  hours  ending 

6  p.m.     Thursday  April  18  =  21-35642  grammes. 

Friday  „  19  =  2393538 

„         Saturday  „  20  =  15-808236  „ 

„           Sunday  „  21=   0*00000  „ 

Monday  „  22=      -1360768  „ 

Tuesday  „  23=   0-00000  „ 

Wednesday  „  24  =  2391530  „ 

Thursday  „  25=19-43066  „ 

Friday  „  26  =  14-97828 

Saturday  „  27  =  1712415 


Table  VI.    Nitrogen  excreted  as  urea  in  the  24  hours  ending 

6  p.m.     Thursday  April  18  =  17-5044    grammes. 

Friday  „  19  =  18-4152 

Saturday  „  20=14-2767  „ 

„           Sunday  „  21  =  150201  „ 

Monday  „  22  =  10-7048  „ 

„          Tuesday  „  23==    7-9099  „ 

„       Wednesday  „  24=14-5332  „ 

Thm-sday  „  25  =  177739 

Friday  „  26=105227 

„         Saturday  „  27  =  15-4402  „ 

Total  Nitrogen  ingested  from  6  p.m.  Wednesday,  April  18,  to  6  p.ni. 
Saturday,  April  27  =  136 -68449  grammes. 

TotjJ  Nitrogen  excreted  from  6  p.m.  Wednesday,  April  18,  to  6  p.m. 
Saturday,  April  27  =  142-1011  grammes. 

Difference  =5-41661  grammes. 

Average  ingested  per  diem  13-668449. 

Average  excreted  per  diem  14'21011. 

Table  VII.     See  page  186. 

The  tables  IV.  to  VII.  shew  the  results  of  the  analyses  of  urine,  the 
quantity  of  nitrogen  ingested,  and  the  time  at  which  it  was  taken. 
All  the  weights  and  measures  are  in  grammes  and  cubic  centimetres. 

13—2 
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Up  to  5.30  p.m.  on  Saturday,  April  20th,  the  ordinary  diet  was 
taken ;  from  this  time  until  6  p.m.  on  Tuesday,  April  23rd,  water  (and 
a  small  quantity  of  butter  at  6.30  p.m.  on  Sunday,  April  2l8t)  was 
the  only  food  taken ;  after  this  time  the  ordinary  diet  was  resumed. 
The  exercise  was  tolerably  regular  and  somewhat  limited  up  to  3  p.m. 
on  Thursday,  April  25th,  when  I  rowed  about  IJ  mile  in  a  some- 
what heavy  boat,  by  which  I  lost  2  lbs.  in  weight,  my  weight  at  3  p.m. 
being  9  st.  10  lbs.,  and  at  6  p.m.  9  st.  8  lbs.  I  may  here  mention 
that  the  weight  lost  during  the  period  of  starvation  was  very  small, 
within  the  error  of  the  machine  used;  this  may  probably  be  ac- 
counted for,  by  the  large  amount  of  fluid  taken  in  during  the  time. 
On  Saturday  afternoon,  April  27th,  I  rowed  twice  the  previous  dis- 
tance in  an  eight-oared  boat  and  felt  the  work  tnuch  more  severely, 
the  day  being  much  hotter  and  the  work  done  in  much  longer 
pieces  than  before;  and  yet  the  result  was  only  to  lower  my  weight 
from  9  st  10  lbs.  to  9  st.  9  lbs. :  in  both  cases  the  bladder  was  emptied 
before  the  weight  was  taken.  These  constitute  the  facts  of  the  experi- 
ment. 

It  will  be  seen  on  examining  Table  VII.  and  Fig.  2,  PI.  VII.  in  which 
the  nitrogenous  Ingesta  and  Excreta  are  compared,  that  no  relation 
appears  to  exist  between  them  such  as  was  found  in  the  former  ex- 
periment, and  the  nitrogen  excreted  during  the  period  of  starvation  falls 
very  little  short  of  that  excreted  on  some  of  the  days  when  food  was 
taken.  This  I  take  aa  signifying,  that  previous  to  the  starvation  I  had 
accumulated  in  my  body  a  store  of  nitrogenous  nutriment  sufficient  to 
last  me  over  the  three  days  fast ;  and  that  this  was  really  the  case  my 
own  sensations  at  the  time  would  further  lead  me  to  believe,  for  beyond 
a  certain  ill-defined  craving  for  food  when  meal  times  came  round 
(which  I  believe  to  be  largely  due  to  mere  habit  and  not  to  true  hunger 
in  this  case,  as  I  did  not  feel  it  after  the  first  12  or  14  hours),  and  the 
usual  thirst,  the  abstinence  from  food  caused  me  no  inconvenience 
whatever ;  and  though  towards  the  end  of  the  third  day  I  felt  consider- 
able languor  and  disinclination  to  physical  exercise,  I  never  had  the 
least  sense  of  faintness  or  any  disagreeable  symptoms  whatever;  nor 
was  there  at  the  end  of  the  time  that  intense  craving  for  food  which  was 
felt  on  the  morning  after  the  work  in  the  previous  experiment.  Assum- 
ing then  that  the  explanation  is  that  there  was  a  large  reserve  to  draw 
upon,  I  think  I  can  account  for  the  existence  of  this  reserve.  On  Fri- 
day, April  12th,  I  walked  some  five  and  forty  miles  over  very  hilly 
country  and  under  a  hot  sun.     On  Saturday  and  Sunday  I  experienced, 
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what  is  with  me  a  usual  thing  under  the  circumstances,  a  very  much 
increased  desire  for  food,  which  was  gratified  without  stint;  and  as  I 
took  very  little  exercise  from  that  time  until  after  the  experiment,  I 
think  it  is  only  reasonable  to  suppose  that  I  took  in  a  much  larger 
quantity  of  nitrogenous  food  than  my  immediate  wants  required,  the 
surplus  being  used  to  sustain  me  during  the  fast.  The  only  striking 
fact  which  has  come  out  is  the  undoubted  excess  of  the  nitrogen  ex- 
creted over  that  ingested,  and  this  requires  careful  examination.  It  is 
not  with  the  errors  of  the  experiment,  because  the  nitrogen  is  only 
that  derived  from  urea,  and  though  this  has  not  been  corrected  for 
chlorides,  the  application  of  this  correction  would  not,  I  think,  affect  the 
fact  of  the  excess. 

Firstly,  then,  if  we  assume,  as  appeared  to  be  indicated  in  the  former 
experiment,  that  the  nitrogen  ingested  in  one  24  hours  is  represented 
in  some  way  by  that  excreted  in  the  next,  we  find  that  the  sum  of  the 
nitrogen  ingested  from  6  p.m.  on  Wednesday,  April  17th,  to  6  p.m.  on 
Tuesday,  April  23rd,  is  61*23610  grammes,  whilst  that  excreted  from 
6  p.m.  on  Thursday,  April  18th,  to  6  p.m.  on  Tuesday,  April  23rd,  is 
66*3267  grammes.  The  difference  is  5*0906  grammes,  which  corresponds 
pretty  closely  with  the  total  excess  observed  of  5*41661  grammes. 
Secondly,  taking  the  nitrogen  ingested  from  6  p.m.  on  Tuesday,  April 
23rd,  to  6  p.m.  on  Friday,  April  26th,  and  comparing  it  with  the  nitrogen 
excreted  between  6  p.m.  on  Tuesday,  April  23rd,  and  6  p.m.  on  Saturday, 
April  27th,  we  find  the  figures  to  be  as  follows : 

Nitrogen  of  Ingesta 58*323, 

Nitrogen  of  Egesta 58-272, 

numbers  too  closely  corresponding  to  be  the  result  of  mere  coinci- 
dence. Hence  it  would  appear  that  in  the  period  of  starvation  almost 
the  whole  of  the  reserve  fund  was  consumed,  and  that  after  the  starva- 
tion the  nitrogenous  equilibrium  was  very  closely  maintained,  so  that 
in  all  probability  had  I  undergone  a  second  three  days  starvation,  I 
should  have  found  my  nitrogenous  excreta  sinking  to  the  minimum 
much  more  rapidly,  and  I  should  have  expected  the  effects  upon  myself 
to  have  been  more  severely  felt.  I  should  suppose  that  my  condition 
during  the  first  experiment  was  such  that  I  did  not  take  any  large 
excess  of  nitrogen  in  my  food  over  and  above  that  which  I  could  easily 
dispose  of. 

It  remains  now  to  examine  the  effect  of  the  work  done  on  Thur3day 
afternoon,  April  25th,  on  the  nitrogenous  excreta. 
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On  our  previous  assumption  that  the  nitrogen  ingested  on  one  day  is 
in  a  great  measure  only  excreted  on  the  next,  we  are  met  with  a  diflScuIty 
at.  once  in  the  nitrogen  excreted  up  to  6  p.m.  on  Wednesday,  April  24th, 
which  is  neai'ly  double  that  excreted  on  the  previous  day,  on  which 
however  no  food  was  taken.  I  think  this  may  in  some  measure  be 
explained  by  the  state  of  exhaustion  of  the  supplies  which  was  shewn 
above  to  exist,  and  the  consequent  more  immediate  use  of  the  new 
material.  The  nitrogen  excreted  up  to  6  p.m.  on  Thursday,  April  26th, 
corresponds  in  some  degree  to  the  large  amount  ingested  in  the  pre- 
vious 24  hours,  but  the  proportion  is  so  much  less  for  the  24  hoiirs 
ending  6  p.m.  Friday,  April  26th,  that  it  is  evident  the  work  did  not 
increase  the  elimination  of  urea  to  any  appreciable  extent ;  though  we 
know  so  little  of  the  time  required  for  the  elimination  of  the  nitrogen 
of  the  food  as  urea,  and  of  the  conditions  requisite  for  its  more  rapid 
elimination,  that  it  may  have  occurred  without  being  evident. 

I  am  perfectly  aware  that  the  above  two  experiments  have  serious 
imperfections:  (1)  The  nitrogen  of  the  ingesta  was  calculated  from 
Fay  en's  tables,  instead  of  being  actually  determined  by  analysis,  and 
thereby  of  course  the  way  opened  for  errors  of  considerable  amount. 
(2)  I  did  not  estimate  the  nitrogen  of  the  faeces.  Nevertheless,  in  spite 
of  the  objections  which  may  be  founded  on  these  two  sources  of  error, 
I  venture  to  think  that  the  experiments  shew,  in  corroboration  of  the 
results  arrived  at  by  many  of  the  previous  observers — 

(1)  That  severe  exercise  does  increase  the  elimination  of  urea, 
but  that  the  increase  both  in  the  absence  of  nitrogenous  food,  and 
under  an  ordinary  diet,  is  a  small  one. 

(2)  That  the  quantity  of  urea  passed  during  any  period  is  largely 
dependent  on  the  nitrogenous  constitution  of  the  body  for  the  time 
being,  i.  e,  varies  according  as  a  greater  or  smaller  reserve  of  nitrogenous 
material  (and  I  have  not  attempted  to  discuss  the  condition  of  this 
reserve,  whether  it  be,  in  Voit's  terminology,  tissue-proteid  or  circu- 
lating-proteid)  has  been  accumulated  in  the  body. 

It  is  very  obvious  that  before  any  satisfactory  conclusions  can  be 
drawn,  as  to  the  direct  effect  of  exercise  on  muscular  nitrogenous  meta- 
bolism, from  the  quantity  of  nitrogen  excreted  as  urea  under  exercise, 
as  compared  with  that  excreted  during  rest,  the  behaviour  of  this  nitro- 
genous reserve,  under  varying  circumstances,  must  be  more  fully  known. 
It  is  quite  possible  that  exercise  may  have  an  especial  effect  in  hurry- 
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ing  on  the  metabolism  of  such  a  reserve,  and  hence  the  point  whether 
the  nitrogen  of  the  excreta  is  increased  by  exercise  or  not  may  be 
determined  by  events,  not  so  much  in  the  muscles  as  in  other  tissues, 
the  result  being  positive  or  negative,  according  as  a  large  or  small 
reserve  is  present,  or  according  as  that  reserve  is  more  or  less  labile. 
The  results  of  flint*,  which  clearly  shew  that,  under  certain  circum- 
stances, exercise  does  increase  the  nitrogen  of  the  excreta,  may  perhaps 
be  interpreted  in  this  sense,  for  it  seems  tolerably  clear  from  the  data 
given  that  Weston,  the  subject  of  Flint's  observations,  had  accumu- 
lated a  large  reserve  before  entering  upon  his  walk. 

I  propose,  if  I  am  able  to  do  so,  to  continue  my  observations  with 
the  view  of  arriving  at  some  more  definite  knowledge  of  the  behaviour 
of  this  reserve,  under  varying  conditions. 


EXPLANATION  OF  PLATE  VII 

The  curves  N.E.  and  N.I.  in  Figs.  1  and  2  represent  the  Nitrogenous 
Egesta  and  Ingesta  respectively.  In  Fig.  1  the  curve  N.E',  represents  the 
Nitrogenous  Egesta  set  back  twenty-four  hours. 

The  space  between  the  dotted  lines  includes  the  whole  of  the  day  on 
which  the  work  was  done. 

The  ordinates  represent  grammes  of  nitrogen ;  the  abscissae,  days. 
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Table  VII«    Comparison  of  Nitrogen  ingested  with  the  Nitrogen 

excreted  between  meals. 


Time  of 
meaL 

N.  ingented. 

N.  excreted 
before  next  meal. 

Wed.  April  17 

6.45  p.m. 

3-34575 

gms. 
8  p.m.        1-568 
8.45  p.m.  1-400 
10.15  p.m.  1-116 

12  p.m. 

2-94169 

4084 

1.30  a.m.  2-493 
9.45  a.m.  3-877 

Thurs.Aprill8 

10.30  a.m. 

6-77725 

6-370 

Thure.  April  18 

12.45  p.m.  1-75 

2.30  p.m. 

9-29173 

4  p.m.       2-772 
7.10  p.m.  3-406 

7.30  p.m. 

4-12850 

6-178 

• 

10.15  p.m.  3-1388 

12  p.m. 

2-76682 

1.15  a.m.  2-5278 
9.15  a.m.  41673 

6-6951 

Fri.  April  19 

Fri.  April  19 

9.30  a.m. 

7-39976 

12  m.          1-848 
5  p.m.       3-3273 

5.30  p.m. 

9-6413 

5-1753 

8.30  p.m.  2-4402 

10  p.m. 

4-11123 

9  a.m.       5-943 

Sat  April  20 

Srtfc.  April  20 

10  a.m. 

4-169023 

1.30  p.m.  3-7352 

2.45  p.m. 

•6123 

4.30  p.m.  2-1583 

5.30  p.m. 

6-92568 

1 
1 

t 

I 

6.40  p.m.  1-9357 
9.20  p.m.  2-4416 
12.50  a.m.  1-9198 
11.30  a.m.  4-1060 
2.40  p.m.  2-8210 
4.40  p.m.  1-7960 

15-0201 

Sun.  April  21 

USEA   ASD  MUSCULAS  lABOUS. 


Time  of 
Meal. 

N.  ingeated. 

}I.  excreted 
before  nMtaiMl.' 

Sun.  AprU  21 

6.30  p.m. 

■1360768 

7.45  p.m.  2-1000 
13.30  a.m.  2-1460 
11  a.m.       2-9360 

3  p.m.       2-2106 

6.46  p.m.  1-3122 
9.45  p.m.  1-5894 

11  a-m.        3-6960 
2.30  p.m.  1-6800 
4.45  ixm.     -9445 

Mon.  April  22 
Toes.  April  23 

TuM.  April  23 

G  p.m. 

10-68613 

18-5147 
7.30  p.m.  1-783 

10  p.m. 

4-26431 

10.30  p.m.  1-484 

Wed.  Apiil  24 

12.30  a.m. 

3-2472 

1.15  a,m.  1-241 
11a.m.       6-1674 

12.30  p.m. 

5-09389 

7-4084 

2  p.m.        1-8088 
5.15  p.m.  2-0490 

5.45  p.ra. 

9-64556 

3-8678 

7  p.m.        1-3776 
8.30  p.in.  1-1368 

9  p.m. 

2-54383 

2-5144 
11.15p.m.  1-5792 
1.30  a.m.  1-7837 

Thurs.  April  25 

Tiinrs.  April  25 

2.15  lum, 
11.15  am. 

3-021447 
4-21983 

3-3629 

9  a.ra.       4-5332 
11a.m.        1-5092 
6-0424 
1.15  p.m.  2-478 
3  p.m.        1-1284 
5.30  p.m.  2-2478 

6.15  p.in. 

7-04257 

6-8542 
7.30  p.m.  1-2133 

9.30  p.m. 

2-81671 

12.15  a. m.  2-7092 

12  m.          3-7780 

6-4872 

Frl  April  26 
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Frl  April  26 


Sat.  April  27 


Time  of 
Meal. 


12.30  p.m. 
6  p.iii. 


10  p.m. 


11  a.in. 


N.  ingested. 


6-1190 
10-27630 


1-98913 


4-85988 


N.  excreted 
before  next  meal. 


5  p.m. 

7  p.m. 
9  p.m. 


2-8221 

1-8134 
1-6530 

3-4664 


1  a.m.       2-5554 
10.30  am.  4-9896 

7-5450 

2.15  p.m.  2-6278 
5  p.m.       1-8060 

4-4338 


Sat.  April  27 


ADDITION  TO  THE  ARTICLE  "  ON  THE  STABLE 
COLOURS  OF  THE  RETINA."  By  W.  KXJHNE,  M.D., 
Frofenor  of  Physiology  in  the  University  of  Hmd^berg, 

Further  obeervations  on  the  black  animal-pigment  mentioned  at  the 
banning  of  the  above  article^  h^ve  shown  me  that  certainly  the  black 
granules  and  apparently  the  dark  crystalline  needles  in  the  cells  of 
the  retinal  epithelium  are^  under  certain  circumstances,  not  perfectly 
resistent  to  the  action  of  light. 

I  noticed  this  as  I  was  making  observations  on  the  sensitiveness 
to  light  of  the  coloured  oil-globules  in  the  retina  of  birds.  Wishing 
to  see  how  their  colouring-matters  would  behave  in  the  case  of  the 
cone-globules,  when  in  their  natural  solution,  I  exposed  fragments  of  a 
paeon's  retina  to  the  action  of  light  out  of  doors,  in  air-tight  vessels, 
and  examined  them  from  time  to  time  microscopically.  For  this  pur- 
pose it  was  found  most  convenient  to  draw  small  pieces  of  the  retina, 
moistened  with  various  fluids,  into  moist  chambers  with  flat  capillary 
spaces,  made  by  Geissler  according  to  von  Recklinghausen's  plan, 
and  then  hermetically' to  seal  up  both  ends  of  the  tubes  of  these  cham- 
bers. In  other  cases  I  sealed  up  the  preparations  in  ordinary  glass 
tubes,  and  examined  them  after  breaking  the  tubes  when  they  had 
been  sufficiently  exposed  to  light. 

In  order  to  protect  them  from  putrefaction,  whose  progress  might, 
in  some  unknown  way,  be  influenced  by  the  action  of  light,  I  used  as  the 
fluid  to  be  added  to  them,  either  a  0*2  per  cent  solution  of  salicylic 
acid,  or,  in  order  to  have  an  alkaline  fluid,  a  *5  per  cent,  solution  of 
sodium  carbonate  containing  finely  divided  thymol  in  suspension.  In 
addition  I  sealed  up  some  preparations  with  *5  per  cent,  sodium  chloride 
solution,  and  heated  them  from  ten  to  fifteen  minutes  up  to  lOO^^C. 
Others  were  previously  heated  with  the  soda  solution  without  addition 
of  thymol  For  comparison  I  always  made  two  preparations  of  each,  of 
which  one  was  kept  in  the  dark,  the  other  exposed  on  a  bright  surface 
to  the  action  of  light  out  of  doors.  Since,  during  the  time  of  my  ex- 
periments (from  the  22nd  of  March  to  the  16th  of  April),  it  was  gene- 
rally cold  in  Heidelberg,  and  there  was  much  rain,  I  do  not  fear  that  I 
have  been  misled  by  any  direct  action  of  heat. 

In  those  preparations  which  had  been  kept  in  the  dark,  I  could 
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detect  no  alterations  of  the  colouring-matters  at  all ;  on  the  other  hand, 
I  found  after  exposure  to  light  for  twenty-five  days,  changes  not  only 
in  the  colours  of  the  globules  in  the  cones,  as  I  had  expected,  but  also, 
to  my  astonishment,  in  the  black  pigment  of  the  retinal  epithelium. 
Of  the  latter  I  had  intentionally  enclosed  in  the  preparations  only  very 
small  fragments. 

The  changes,  which  up  to  the  present  time  have  only  been  observed 
in  the  alkaline  preparations,  were  as  follows.  In  those  which  had  not 
been  warmed  and  contained  thymol,  and  in  which  the  pigment-cells  in 
some  places  were  still  quite  distinct,'  although  somewhat  swollen,  the 
nucleus  even  being  readily  recognized,  the  largest  part  of  the  small 
pigment-needles  had  become  light  brown,  yellow,  pale  yellow,  or  colour- 
less. In  some  cells  which  were  spread  out  quite  flat,  and  whose  processes 
were  pointing  in  all  directions,  I  could  see  no  dark  parts  at  all,  but  only 
such  as  were  yellow  or  devoid  of  colour.  These  faded  or  colourless 
objects  possessed  the  same  needle-like  shape  as  the  original  pigment. 
As  I  was  able  to  control  these  changes  every  day,  it  cannot  be  doubted 
that  it  is  the  black  pigment  which,. by  becoming  bleached,  gives  rise  to 
the  above  appearances.  In  the  alkaline  preparation  which  had  been 
heated  without  thymol,  and  had  become  quite  slimy,  the  pigment-cells 
were  of  course  from  the  outset  indistinguishable,  and  only  the  cor- 
responding heaps  and  rows  of  the  black  pigment-needles  could  be  seen. 
These  appeared  to  me  during  the  course  of  the  exposure  to  light,  not 
only  to  become  paler,  but  also  to  change  their  shape,  becoming  more 
rounded,  and  semiliquid.  After  twenty  days^  exposure,  there  was  not 
a  single  trace  of  colour  to  be  seen. 

The  colours  of  the  cone-globules  disappeared  more  rapidly  under 
the  action  of  light  in  the  alkaline  than  in  the  neutral  or  acid  pre- 
parations, when  these  were  suflBciently  flat  and  thin  and  not  rolled  up; 
the  former  bleached  in  about  eight  days,  while  the  latter  took  fourteen. 

The  yellowish-green  globules  were  the  first  to  bleach,  the  ruby-red 
were  the  last,  the  red  colour  previously  changing,  in  a  remarkable  man- 
ner, into  a  purple  at  a  time  when  it  was  still  quite  intense.  This 
speaks  greatly  in  favour  of  the  rhodophane  which  they  contain  being 
mixed  with  the  more  readily  bleached  chlorophane  or  xanthophane. 

In  the  retinas  of  living  pigeons  and  fowls  I  have  been  unable  either 
by  exposing  the  animals  for  several  hours  to  the  sun,  or  by  holding 
them  for  a  long  time  behind  coloured  glasses  illuminated  by  the  sun, 
to  produce  any  changes  in  the  colours  of  the  cone-globules,  or  in  the 
pigment-needles  of  the  epithelium. 
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If  one  considers  the  extremely  wide-spread  occurrence  in  the  animal 
kingdom  of  the  black  pigment  of  the  eye,  and  other  similarly  stable 
pigments,  it  is  scarcely  possible  to  repress  the  idea  that  these,  in 
addition  to  visual-purple,  also  represent  visual  excitants,  or  so- 
called  visual  substances,  and  are  intended  to  be  decomposed  by  light 
during  life,  and  to  yield  those  substances  which  stimulate  chemically 
the  terminal  apparatus  of  the  visual  organ.  If  it  is  allowable,  as  I 
pointed  out  a  year  ago,  to  consider  the  chemical  irritability  of  those 
portions  of  the  sensory  apparatus  which  are  influenced  by  visual  exci- 
tants, to  be  as  marked  as  it  must  be  in  the  case  of  the  epithelium  of 
the  olfactory  mucous  membrane  in  respect  to  traces  of  odoriferous 
substances  [e.g,  musk),  then  even  a  body  which  is  as  little  affected  by 
light  as  the  black  pigment  of  the  retina,  would  suffice  for  the  origina- 
tion of  a  visual  process.  From  the  same  point  of  view  the  reactions 
to  light  of  many  pigmented  organisms,  and  animal  elementary  organisms 
(such  as  the  pigment-cells  of  frogs,  chameleons  and  fishes),  would  be 
more  readily  understood  than  they  are  now;  we  might  even  imagine 
organs  which,  as  the  result  of  the  action  of  light,  give  rise  to  general 
rather  than  special  sensations,  supposing  that  there  exist  pigment-cells 
in  connection  with  simple  sensory  nerves.  Krukenberg  has  recently 
informed  me  from  Trieste  that  he  has  found  the  colours  in  the  retina 
of  the  cephalopods,  first  noticed  by  Krohn,  in  1830,  to  be  as  little 
sensitive  to  light  as  I  observed  those  of  the  visual  organ  in  Astacus 
fluviatilis.  But  one  cannot  doubt  that  even  this  substance  is  up  to  a 
certain  degree  sensitive  to  light,  perhaps  as  much  so  as  the  pigments  of 
the  bird's  retina  are  ;  the  sensitiveness  might  at  the  same  time  be  even 
greater  than  that  of  the  black  pigment. 

Now  as  I  have  convinced  myself  by  prolonged  observations,  partly 
on  myself,  and  partly  on  animals  (which,  as  in  the  case  of  the  rabbit, 
must  make  but  little  use  of  the  cones  in  seeing,  since  in  them  the  cones 
are  feebly  developed  or  perhaps  entirely  absent),  that  even  after  the 
disappearance  of  the  visual-purple  acute  vision  is  still  perfectly  pos- 
sible, I  have  come  to  the  hypothesis  that  the  visual-purple,  which  is  the 
most  unstable  visual  excitant  known  up  to  the  present  time,  serves 
for  the  perception  of  feeble  light,  while  the  other  pigments  whose 
occurrence  has  been  observed  in  the  eye,  serve  for  that  of  more  intense 
light  The  occurrence  of  colourless  cones  and  (in  albinos)  of  colourless 
epithelium,  shows  that  in  addition  to  the  above,  colourless  visual 
excitants  must  also  exist 
•    If  my  hypothesis  should  bear  good  fruit,  as  I  hope  it  will  do,  it 
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would  perhaps  lose  that  element  of  danger  which  it  now  possesses : 
it  presupposes,  namely,  that  there  occur  in  the  living  eye  changes 
which  are,  with  our  present  means  of  investigation,  objectively  imper- 
ceptible ;  and  these  changes  (apart  from  the  view  that  they  may  not 
occur  at  all)  may  pursue  a  course  quite  diflferent  from  that  which  has 
been  observed  in  the  substances  we  have  as  yet  studied.  We  see  isolated 
rhodophane  for'  instance  changed  slowly  by  light,  so  slowly  that  we 
cannot  hope  to  watch  any  corresponding  change  in  the  living  eye.  The 
hypothesis  also  permits  us  to  suppose  that  certain  pigments,  though 
their  proper  character  is  perhaps  that  of  visual  excitants,  may,  notwith- 
standing their  great  sensitiveness  to  light,  be  at  the  same  time  really 
coloured  screens,  allowing  certain  rays  of  a  particular  wave-length  only 
to  reach  the  photochemical  apparatus,  and  excluding  other  rays. 

In  order  to  make  the  caution  with  which  I  accompany  my  hypo- 
thesis more  striking,  I  must  call  attention  to  the  remarkable  circum- 
stance that  the  pigments  of  the  bird's  retina  which  we  have  discovered 
are  mixed  in  such  a  manner  in  the  oil-globules  that  the  colours  in  the 
cones  represent  exactly  half  the  spectral  colours,  viz.  from  red  to  yellow- 
ish green ;  so  that  with  their  complementary  colours  they  yield  all  the 
colours  of  the  spectrum.  If,  as  Hering  says,  every  pair  of  comple- 
mentary or  opposing  colours  produces  a  sensation  by  an  antithetic 
chemical  process  in  each  substance,  then  it  seems  very  inviting  to  look  in 
the  coloured  cone-globules  for  the  localising  mechanism  for  object- 
ive coloured  light,  as  Max  Schultze  assumed  to  be  the  case.  This  does 
not  exclude  the  importance  at  the  same  time  of  the  above  pigments  as 
visual  excitants;  we  have  not,  however,  as  yet  been  able  to  make  out 
that  rhodophane  is  more  easily  decomposed  by  green  light,  and  xantho- 
phane  and  chlorophane  by  blue,  as  would  be  the  case  if  these  substances 
served  not  only  as  absorbers,  but  also  for  the  reception  of  the  stimulus 
of  objective  colours.  We  have  merely  observed  that  the  three  pigments 
are  always  bleached  in  the  above-mentioned  (p.  190)  order,  best  of 
all  under  blue,  less  under  green,  not  at  all  under  red  glasses.  The 
identity  of  the  absorption  of  coloured  light  with  its  chemical  action, 
which  was  found  to  be  so  striking  in  the  case  of  visual-purple  and 
visual-yellow,  is  evidently  not  to  be  regarded  as  a  general  law ;  it  holds 
good  as  little  for  the  above  substances  as  it  does  for  several  other 
colouring  matters,  such  as  purpurin,  bilirubin,  &c.,  which  have  recently 
been  examined  with  regard  to  this  point  in  this  Laboratory. 

Heidelberg,  May  %th,  1878. 


SWEAT  CENTRES:  THE  EFFECT  OF  MUSCARIN 
AND  ATROPIN  ON  THEM.  By  ISAAC  OTT,  M.D^ 
Lectu/rer  on  Exp&rimeTUal  Physiology ^  University  of  Pennsylvama ;  cend 
G.  B,  WOOD  FIELD,  Student  of  Medicine. 

The  fact  that,  besides  sensory  and  motor  nerves,  secretory  nerves  exist 
was  established  by  the  brilliant  experiments  of  Ludwig  on  the  sub- 
maxillary gland,  although  the  theory  of  excito-secretory  function  was 
put  forth  by  Campbell,  of  Georgia.  Goltz  was  the  first  to  notice 
that  after  irritation  of  a  nerve  the  sweat  secretion  was  increased. 
Luchsinger,  of  Zurich,  and  Miss  Kendall,  of  Boston,  found  that  after 
irritation  either  of  the  sciatic  or  brachial  in  the  dog  or  cat  an  increased 
secretion  of  sweat  took  place,  and  that  it  ensued  after  ligature  of  the 
aorta  and  during  the  first  fifteen  minutes  after  amputation  of  an  ex- 
tremity ;  the  inference  follows  that  this  increasing  secretion  of  sweat  is 
not  due  to  vaso-motor  changes.  Later,  Luchsinger  located  these  sweat 
centres  in  the  spinal  cord  in  the  lumbar  and  lower  part  of  the  dorsal 
region,  and  came  to  the  conclusion  that  the  sweat  fibres  in  the  sciatic 
traverse  previously  the  abdominal  sympathetic,  that  psychical  acts,  as 
fear,  will  in  the  cat  produce  sweating,  that  heat,  asphyxia,  and  nicotin 
act  on  the  sweat  centres,  increasing  the  secretion,  that  irritation  of  a 
sensory  nerve  will  call  the  sweat  centres  into  activity,  and  that  sweat 
fibres  run  in  the  same  path  as  the  vaso-motor  fibres,  which  last  fact  has 
been  also  discovered  by  Ostrumoffl  Nawrocki  believes  that  a  sweat 
centre  is  located  in  the  medulla,  not  in  the  spinal  cord,  although  this  has 
recently  been  denied  by  Luchsinger.  Both  Luchsinger  and  Naw- 
rocki have  also  investigated  the  action  of  pilocarpin  and  atropin.  They 
both  found  that  after  a  dose  of  pilocarpin  all  the  feet  sweat  even  when 
the  sciatic  has  been  divided.  Luchsinger  seems  to  believe  that  pilo- 
carpin acts  centrally  in  addition  to  its  peripheral  action,  whilst  Naw- 
rocki states  that  it  only  acts  peripherally.  This  is  the  state  of  the 
subject  up  to  the  present  time.  Having  been  somewhat  interested  in 
muscarin,  we  thought  it  of  interest  to  make  some  experiments  in  refer- 
ence to  the  action  of  this  drug  on  the  secretion  of  sweat,  and  to  the 
effect  of  atropin.  To  satisfy  ourselves  that  these  phenomena  were  not 
dependent  on  other  causes,  such  as  vaso-motor  changes,  we  made  some 
experiments,  of  which  the  following  are  examplea 
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Experiment  I.  Cat  placed  on  Czermak'a  holder,  sciatic  laid  bai-o  and 
irritated  with  du  Bois'  apparatus  ;  an  exaggerated  secretion  of  sweat  followed. 

Experiment  II.  Cat :  posterior  extremity  amputated  with  the  sciatic 
attached ;  when  an  electric  current  was  applied  to  the  nerve  the  secretion  of 
sweat  commenced.  • 

These  experiments  completely  confirm  those  already  made,  and  leave 
no  doubt  but  that  the  sweat  glands  have  secretory  nerves  just  as  other 
glands. 

Experiment  III.  Cat  placed  in  holder  and  etherised,  spinal  cord  divided 
in  the  dorsal  region,  and  sciatic  divided  on  one  side.  On  inducing  asjihyxia 
sweating  took  place  in  all  the  extremities  excepting  that  which  had  suffered 
section  of  the  sciatic. 

# 

This  gave  a  very  marked  demonstration  of  the  excitant  action  of 
deficient  aeration  of  blood  in  calling  the  sweat  centres  into  activity. 

Experiment  IV.  Cat :  spinal  cord  divideid  between  the  eighth  and  ninth 
dorsal  vertebrae.  On  the  next  day  the  sciatic  was  divided  and  a  few  drops  of 
a  solution  of  muscarin  injected  subcutaneously  at  9  a.m.  The  muscarin  used 
was  obtained  from  Merck's  laboratory,  and  given  in  the  shape  of  a  sulphate. 
9.3  a.m.,  salivation  and  sweating  of  all  the  feet,  pupil  contracted;  9.7  a.m., 
defaecation  and  laboured  breathing,  atropin  subcutaneously  injected  ;  9.12  a.m., 
sweating  checked  in  all  the  extremities;  9.16  a.m.,  injection  of  atropin  re- 
peated ;  9.28  a.m.,  again  repeated;  10.4  a.m.,  sweating  and  salivation  nearly 
completely  checked. 

Experiment  V.  Cat :  spinal  cord  divided  between  the  eighth  and  ninth 
dorsal  vertebrae.  On  the  tliird  day  after  the  section  of  the  cord  two  drops 
of  the  muscarin  solution  were  injected  subcutaneously  at  4.59  p.m.  Sciatic 
previously  divided.  5.1  p.m.,  sweating  commencing;  5.6  p.m.,  all  the  ex- 
tremities moist,  salivation;  5.7  p.m.,  -003  grains  of  atropin  sulphate  subcu- 
taneously ;  5.10  p.m.,  all  the  feet  are  dry. 

These  experiments  demonstrate  that  muscarin  can  by  a  peripheral 
action  excite  the  sweat  glands,  and  that  atropin  also  by  a  peripheral 
action  can  arrest  it.  That  neither  muscarin  nor  atropin  has  also  a 
direct  central  action  I  am  in  no  position  to  deny.  In  man  Koppe 
and  Ringer  have  proved  that  muscarin  also  excites  an  increased  per- 
spiration, and  Ringer  and  Fothergill  have  also  proved  that  atropin 
prevents  and  dries  up  the  perspiration  in  man.  A  peripheral  action  of 
these  drugs  on  the  sweat  glands  would  harmonise  well  with  their  action 
on  the  submaxillary  gland,  muscarin  exciting  it  by  a  peripheral  action 
on  the  chorda  tympani  and  atropin  paralyzing  it. 

If  now  pathological  cases  are  examined  with  a  view  to  explain  the 
sweating  occurring  in  them,  we  find  that  several  cases  are  on  record 
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where  sweating  followed  an  irritation  in  a  reflex  manner.  Thus 
Brown-S^quard*  in  his  own  person  finds  that  when  he  excites  the 
nerves  of  taste,  as  by  chocolate,  in  less  than  five  minutes  a  very  abun- 
dant secretion  of  sweat  ensues  on  the  lips,  nose,  and  forehead,  which 
takes  place  as  well  in  winter  as  in  the  spring.  Barthez  describes  a  case 
where  a  little  salt  on  the  side  of  the  tongue  produced  sweating  of  the 
cheek  on  the  same  side.  Bouyer  also  details  two  cases  where  a  similar 
sweating  and  redness  of  the  region  over  the  parotid  took  place  on  eating. 
Here,  undoubtedly,  the  nerves  of  taste  call  the  sweat  centres  supplying 
nerves  to  the  face  into  a  reflex  activity.  All  diseases  attended  with  an 
increase  of  carbonic  acid  in  the  blood  beyond  normal  have  an  excess  of 
sweating  explained  by  the  fact  of  the  gas  exciting  the  sweat  centres.  I 
have  under  my  care  a  case  of  localized  myelitis  in  the  lumbar  region, 
where  no  sweating  ensued  till  both  sensation  and  motion  returned. 
Here  the  sweat  centres  must  have  been  involved  in  the  inflammation. 

•  Journal  de  la  Physiologie,  Vol.  il 


A  •  REPORT  ON  PROF.  L.  HERMANN'S  RECENT 
RESEARCHES  ON  THE  ELECTRO-MOTIVE  PRO- 
PERTIES OF  MUSCLE.  By  J.  BURDON-SANDERSON, 
M.D.,  F.R.S.,  Prqfeaaar  of  Physiology  in  University  Collegey  Lovkdon. 

I  HAVE  to-day  received  from  Prof.  Hermann  a  pamphlet  of  37 
pages*,  in  which  he  has  given  a  short  account  of  his  more  recent 
researches  in  the  field  of  animal  electricity.'  At  the  moment  that  the 
pamphlet  came  into  my  hands  I  was  engaged  in  preparing,  and  had 
indeed  in  great  part  written,  with  a  view  to  its  publication  in  the  Journal 
of  Physiology,  a  review  of  the  series  of  elaborate  contributions  relating 
to  this  subject  which  have  appeared  during  the  last  twelve  months  in 
Pjlixger's  Archiv.  My  reason  for  undertaking  this  task  was  that  I 
had  come  to  the  conclusion  that  the  investigations  therein  recorded 
are  likely  to  exercise  a  very  decided  and  permanent  influence  on  the 
progress  of  this  department  of  our  science,  and  that  I  should  therefore 
be  doing  some  service  to  those  English  students  of  physiology  who  either 
for  want  of  time  or  for  other  reasons  might  be  unable  to  make  themselves 
masters  of  the  original  papers.  What  I  proposed  to  do  for  them  and  for 
myself  Prof.  Hermann  has  in  part  done  for  us.  All  that  remains  is  to 
add  to  the  author's  own  summary  of  his  work,  which  I  shall  endeavour 
to  present  to  the  reader  in  an  English  dress,  such  information  as  to  the 
methods  of  investigation  employed,  and  as  to  the  experimental  results 
arrived  at,  as  may  conduce  to  the  better  understanding  of  the  grounds 
upon  which  the  author  founds  his  conclusions. 

I  propose  to  include  in  the  present  paper  those  parts  only  which 
relate 'to  the  electro-motive  phenomena  of  muscle,  reserving  the  sections 
on  nerve  for  a  future  occasion. 

*  DU  Ergehnisse  neuerer  Untenuchungen  auf  dem  Gebiete  der  thierischen  EUetricitUt 
von  L.  Hermann.  1878.  The  titles  of  the  papers  of  which  this  lecture  is  a  summary, 
all  of  which  have  been  published  in  PflUgefs  Archiv,  are  as  follows : — 

(1)  Unterntchungen  Uber  die  Entwicklung  de$  Mutkelstronu,    Vol.  zv.  p.  191. 

(2)  Vertuche  mit  dem  FaU-Rheotom  iiber  die  Erregungttchwankung  de$  MiuJceli, 
Vol.  XV.  p.  233. 

(3)  UnUrtuchungen  Uber  die  Actionsstriime  de$  Mutkeht,     YoL  zvi.  p.  191. 

(4)  Ueber  den  Actiarustrom  der  Mutkeln  im  lebenden  Menschen,    Vol.  xvi.  p.  410. 
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I.    Intboduction. 

The  author  commences  with  a  summary  of  the  fundamental  facts 
which  at  the  time  when  he  entered  upon  his  investigations  were  re- 
garded as  established.     These  facts  were  the  following : — 

Muscle  and  nerve-fibres  exhibit  when  they  are  cut  across,  an  electro- 
motive force  which  is  directed  from  the  cross  section  to  the  longitudinal 
surface,  and  may  amount  to  a  twelfth  of  that  of  a  Daniell's  element. 
The  negativity  of  the  cross  section  is  in  much  less  degree  a  property  of 
the  natural  end-surface  (naturlicher  Querschnitt  of  du  Bois)  than  of 
the  artificial  surface.  The  natural  end-surface  may  indeed  be  positive. 
This  departure  from  the  norma  is  called  by  du  Bois  "Parelectronomia": 
it  is  favoured  by  cold.  A  muscle  (or  nerve)  which  possesses  an  artificial 
cross  section  exhibits  during  excitation  a  diminution  of  its  current 
(negative  variation) :  in  uninjured  muscle,  the  current  which  exists 
during  excitation  represents  the  sum  of  the  previously  existing  current 
(whatever  its  direction  or  amount)  and  of  the  negative  variation. 

On  these  facts  du  Bois  had  based  the  following  theory.  (1)  A 
muscle  (or  nerve)  fibre  contains  electro-motive  particles  suspended  in 
an  indifferent  (inactive)  material,  of  which  the  negative  surfaces  look 
towards  the  end-surface  of  the  fibre,  the  positive  surfaces  towards  its 
lateral  surface.  (2)  At  the  natural  end-surfaces  of  muscle,  particles  of 
a  peculiar  kind  exist  in  greater  or  less  degree  of  development,  of  which 
the  surfaces  directed  to  the  end  of  the  fibre  are  positive.  The  "  deve- 
lopment **  of  these  particles  is  favoured  by  cold.  They  constitute  the 
parelectronomic  layer.  (3)  In  consequence  of  excitation  the  electro- 
motive forces  of  the  particles  (called  by  du  Bois  "molecules")  either 
diminish  or  they  assume  a  different  arrangement,  by  virtue  of  which 
their  external  action  is  impaired.  The  molecules  of  the  parelectronomic 
layer  take  no  part  in  this  excitatory  change. 

The  distinguished  author  of  this  theory  (commonly  known  as  the 
molecular  theory)  was  particularly  careful  not  to  found  speculations 
on  it  relating  to  the  essential  nature  of  the  processes  of  excitation  and 
conduction  in  nerve  or  in  muscle,  or  to  apply  it  to  the  explanation  of 
muscular  contraction.  It  was  however  generally  considered  that  the 
electro-motive  forces  of  these  molecules  were  maintained  in  resting 
muscle  by  virtue  of  its  chemical  process,  and  that  "state  of  excitation 
consisted  primarily  in  motions  of  the  molecules,  with  which  motions 
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increased  assumption  of  oxygen  and  increased  oxidation  were  in  some 
way  or  other  associated." 

I  omit  the  succeeding  paragraphs,  in  which  an  account  is  given  of 
the  steps  which  led  the  author  to  the  discovery  of  the  independence  of 
the  two  processes  by  which  muscle  takes  in  oxygen  on  the  one  hand 
and  gives  out  00^  on  the  other;  and  in  which  he  discusses  the 
analogies  which  exist  between  contraction  and  rigor  mortis,  his  views 
on  this  subject  being  well  known.   I  proceed  at  once  to  the  next  section. 

IT.    The  Currents  of  Resting  Muscles. 

Uninjured  resting  muscle  exhibits  no  currents,  i.e,  its  surface  is 
iso-electric.  The  surfaces  of  muscles  that  are  removed  from  the  body 
present  numerous  unnoticeable  injuries  either  chemical  or  mechanical. 
In  du  Bois'  earliest  experiments  the  muscles  used  were  as  a  rule 
moistened  with  concentrated  solutions  of  salt,  and  were  thereby  so 
acted  upon  that  he  was  led  to  attribute  to  their  natural  end-surfaces  a 
negativity  similar  to  that  observed  in  cut  surfaces.  Notwithstanding 
that  the  error  thus  made  was  corrected  by  du  Bois  himself,  he  con- 
tinued to  attach  importance  to  certain  actions  manifested  at  the  end- 
surfaces  of  muscles,  although  it  was  recognised  that  they  were  of  a 
different  order  from  those  before  observed,  and  that  their  direction  was 
uncertain  and  irregular.  It  was  to  meet  this  difficulty  that  the  doctrine 
of  the  parelectronomic  layer  was  devised. 

For  the  purpose  of  showing  that  any  such  explanation  was  unneces- 
sary, Hermann  set  to  work,  some  ten  or  twelve  years  ago,  to  investigate 
the  condition  of  uninjured  muscle,  and  found  that  it  is  possible  to 
prepare  the  gastrocnemius  (almost  the  only  muscle  which  admits  of 
being  so  prepared)  in  a  state  of  such  integrity  that  the  electrical 
inequalities  of  the  surface  are  so  slight  and  so  irregular,  that  no 
physiological  meaning  can  be  attached  to  them. 

The  conclusion  drawn  by  Hermann  from  this  observation  was  that 
the  inequalities  ("currents")  which  present  themselves  in  other  muscles 
are  the  results  of  injury.  The  contrary  doctrine  is  that  they  are  in  all 
these  cases  "  pre-existent,"  in  relation  to  any  injury  supposed  to  be 
inflicted  in  the  process  of  preparation;  hence,  the  "theory  of  the 
muscle-current"  came  to  be  designated  by  its  adversaries  the  "Pre- 
existence  Theory.*' 

Two  facts  have  become  known  during  the  last  few  years  which  have 
rendered  it  extremely  difficult  to  believe  that  currents  exist  in  inactive 
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muscles  otherwise  than  as  the  products  of  the  inevitable  surface-changes 
which  are  incident  to  their  separation  from  the  living  body.  One  of 
these  is  the  complete  absence  of  such  currents  in  fish  when  curarized, 
the  other  their  absence  in  the  resting  heart  of  the  frog,  the  surface  of 
which  is  now  known  to  be  iso-electrical  *,  so  long  as  it  is  absolutely 
uninjured  and  remains  inactive. 

Development  of  the  muscle-current.  In  a  paper  "On  the 
development  of  the  muscle-current,"  published  only  last  summer,  Her- 
mann has  approached  the  Pre-existencc  Theory  from  a  new  point  of 
view.  We  have  seen  that  the  uninjured  terminal  surface  of  a  muscle 
is  wanting  in  that  "negativity"  which  it  acquires  from  the  moment 
that  it  is  "  developed  "  either  by  mechanical  or  chemical  destruction  of 
the  ends  of  its  fibres.  If  this  absence  of  negativity  is  due  to  nothing 
more  than  that  its  active  molecules  are  protected  by  the  parelectro- 
nomic  layer,  then  obviously  from  the  instant  that  this  layer  is  removed, 
the  electro-motive  forces  of  those  molecules  will  be  in  action.  If  it  can 
be  shown  that  a  measurable  delay  intervenes  between  the  injury  and 
its  effect,  i.e.,  that  a  certain  time  is  required  for  these  forces  to 
develop,  this  would  afford  evidence  that  the  forces  in  question  were 
not  pre-existing  forces,  which  required  only  unmasking,  but  that  they 
were  called  into  existence  in  consequence  of  changes  in  the  muscular 
substance  produced  at  the  moment  of  injury.  With  this  consideration  in 
view  Hermann  has  devised  a  special  apparatus — the  "Fall-rheotom" — 
by  which  a  galvanometric  circuit  comprising  the  muscle  is  closed  at  the 
same  moment  that  the  muscle  itself  is  injured,  and  opened  a  very  short 
time  afterwards.  The  result  of  the  experiment  is  that,  however  short 
may  be  the  time  during  which  the  muscle  acts  on  the  galvanometer,  a 
certain  deflection  is  observed.  But,  the  extent  of  the  deflection  is 
always  inferior  to  that  which  is  observed  when  a  second  experiment  ia 
made  on  the  now  injured  muscle,  as  soon  as  possible  after  the  first, 
The  difference  between  the  two  results  admits  only  of  one  explanation. 
In  the  first  observation,  the  deflection  is  less  than  in  the  second  because 
the  electro-motive  forces  which  come  into  operation  at  the  injured 
surface*  have  not  yet  had  time  to  develop.  This  being  so,  it  is  certaia 
that  they  are  not  pre-existent. 

The  fall-rheotome  is  an  instrument  contrived  for  the  purpose  of  measuring 
the  time  required  for  the  development  of  the  difference  of  potential  which 
presents  it»elf  between  an  injured  suiface  and  the  same  surface  immediately 

*  This  fact  was  discovered  by  Engelmann  in  1S73.     Engelmann,  Onderzoekingen 
gcdaan  in  het  Physiologisch  Laboratorium  der  Utrechtsche  HoogetchooL    iii.  1874,  p.  101. 
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before  the  injury,  or,  to  use  the  terms  employed  by  Hermann,  the  develop- 
ment of  the  demarcation  current.  Its  construction  will  be  best  understood 
by  reference  to  the  diagram,  Fig.  1.     A  weight,  let  fall  from  a  height  of  about 


Fig.l. 

The  vertical  dotted  liDes  indicate  the  course  of  the  falling  block  of  the  rheotome  in 
its  descent.  M  is  the  gastrocnemius  muscle,  of  which  the  posterior  surface  looks  to  the 
left.  Q  is  an  ehonite  support  around  which  the  muscle  is  stretched  by  the  attachment  of 
the  tendons  a  and  a'.  At  g  and  g'  it  is  connected  with  the  galvanometer  circuit,  which  is 
dosed  by  the  key  x  and  opened  by  the  lever  g^,  6  is  the  g^vanometer.  The  brackets  «,  v 
and  t  indicate  respectively  the  parts  of  the  descent  of  the  block  which  are  accomplished  in 
the  "Streifzeit,"  the  **yorschlusszeit"  and  the  "Schlusszeit."  «  is  a  reversing 
key  from  which  wires,  represented  by  lines  above  and  below  «,  lead  to  the  compensator. 

four  feet  (of  which  the  course  is  indicated  by  the  two  vertical  broken  lines), 
comes  into  contact  in  its  descent,  first  with  the  muscle  to  be  investigated, 
secondly  with  a  lever  a;,  which  closes  the  galvanoscopic  current  g'  g\  and 
thirdly,  with  the  lever  ^,  by  which  that  current  is  opened.  The  support  by 
which  the  muscle  is  held,  and  that  which  carries  the  axis  of  the  lever  re,  are 
moveable  up  and  down,  and  can  be  adjusted  and  fixed  at  any  required  height, 
80  that  the  time  at  which  the  injury  is  inflicted  and  the  time  at  which  the  gal- 
vanometric  current  is  closed  can  be  varied  at  will,  and  the  duration  of  the 
period  of  closure,  as  well  as  the  interval  of  time  between  the  injury  and  the 
closure,  can  be  determined  by  reference  to  the  law  of  falling  bodies.  The 
breaking  lever  ^  is  fixed. 

The  muscle  used  is  the  gastrocnemius,  which  is  led  off  by  its  'opposite 
tendons  to  the  galvanometer  at  g  g\  The  galvanometer  circuit  includes  a 
compensator  (not  shown  in  the  diagram),  by  means  of  which  whatever  current 
exists  between  the  two  tendons  before  and  afler  the  injury  may  be  balanced, 
and  its  electro-motive  force  measured.  The  muscle  rests  against  the  support 
Q  in  such  a  position  that  the  falling  weight,  which  is  shod  with  shagreen  for 
the  purpose,  strips  off  the  aponeurotic  expansion  of  the  Tendo  Achillis. 
Whatever  electrical  change  is  produced  by  the  injury  is  indicated  by  the 
galvanometer.     The  lever  a;  is  so  constructed  that  the  end  opposite  to  that 


ELECTROMOTIVE  PROPERTIES  OF  MUSCLE.  201 

by  wUch  it  is  caught  by  the  descending  weight  presses  against  the  circle  c 
(the  lower  half  of  which  is  of  ivory,  the  upper  of  metal)  ;  hence,  as  the  weight 
contact  is  made  between  the  wires  g  and  g*\ 

The  question  to  be  determined  in  each  experiment  is — What  is  the 
electrical  condition  of  the  injured  surface  immediately  after  the  injury  ?  To 
answer  it  the  galvanometer  current  must  be  closed  at  the  moment  that  the 
injuiy  is  completed,  and  opened  a  very  short  time  afterwards  (in  Hermann's 
experiments,  0"-0034).  Under  these  conditions  a  certain  result  is  obtained, 
which  however  has  no  value,  excepting  by  comparison  with  that  of  a  second 
observation  made  immediately  after,  in  which  the  circuit  is  closed  for  the 
same  period.  If  then  the  two  deflections  are  called  A  and  B^  the  electro- 
motive force  already  developed  during  the  ^^'^  immediately  aflier  the  injury 
is  to  the  force  eventually  developed  as  ii  is  to  i^.  In  all  Prof  Hermann's 
experiments  A  was  found  to  be  less  than  B. 

The  first  experiment  in  the  series  given  may  be  taken  as  an  illustrative 
example. 

Before  injury  the  electrical  difference  between  g  and  g"  was  0*0018 
Daniell.  After  "injury"  it  was  0*049.  The  instrument  was  so  adjusted 
that  the  time  occupied  in  stripping  off  the  tendon  was  0"-0027.  This  Prof. 
Hermann  called  the  "Streifzeit"  =  «.  The  galvanometer  current  was 
closed  0" "0023  affcer  the  commencement  of  the  injury;  this  period  of  time  is 
designated  the  '^  Yorschlusszeit"  =  v.  The  tune  during  which  the  circuit 
remained  closed  was,  in  this  as  in  other  experiments,  0''*0034. 

The  falling  of  the  weight  produced  a  deflection  of  the  galvanometer  of 
3*75  =  A,  On  withdrawing  the  muscle  out  of  reach  of  the  shagreen,  re-ar- 
ranging the  instrument  and  allowing  the  weight  to  fall  again,  the  deflection 
was  5*0  =  ^.  Consequently,  although  the  first  occurrence  showed  that  the 
injured  surface  had  already  begun  to  become  negative  before  the  circuit  was 
closed,  the  difference  obsei'ved  was  only  three-fourths  of  that  which  afterwards 
existed.  If  in  this  experiment  the  moment  at  which  the  injury  was  inflicted 
be  taken  as  half-way  between  the  beginning  and  ending  of  the  "  Strei&eit," 

we  have  v  —  -^  as  the  interval  of  time  between  the  injury,  and  the  closing  of 

the  galvanometer  circuit.  As  the  electrical  change  evidently  takes  place 
gradually,  so  that  we  cannot  fix  upon  the  moment  of  its  occurrence  by 
direct  observation,  the  most  accurate  method  of  determining  it  is  to  take  as 
representing  it,  any  time  at  which  its  sudden  occurrence  would  have  ac- 
counted for  the  difference  between  A  and  B  actually  observed.  Now  in  the 
present  instance,  in  which  A  was  less  than  ^  by  a  quarter  of  B^  the  result 
would  have  been  accounted  for  if  the  electrical  change  had  occurred  instan- 
taneously a  quarter  of  the  '^Schlusszeit"  after  the  moment  at  which  the 
circuit  was  closed.     Stating  this  generally,  the  time  of  the  occurrence  of  the 

electrical  change,  reckoned  from  the  opening  of  the  lever  g',  is  -^  ^,  and  the 

time  of  the  injury,  reckoned  from  the  opening  of  the  lever  g\  is  <  +  v  -  5 . 

Hence  the  total    interval  of  time  between   the   injury   and  the  effect  is 

A  8        B  —  A  8 

<— ^<  +  t;  —  ^,or  — ^—  <  +  t?  —  s" •  This  period  is  designated  by  Her- 
mann the  "Entwicklungszeit"  =  ^.     In  the  experiment  of  which  the 
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particulars  have  been  given  it  was  0*0018  sec.  From  the  results  of  300 
observations  the  mean  value  of  E  for  the  gastrocnemius  was  estimated  at  ^^ 
of  a  second ;  but  it  is  to  be  carefully  borne  in  mind  that  the  period  is  not 
sharply  limited  at  either  end,  both  the  injury  and  the  electrical  effect  being 
gradual  processes.  It  is  proved  that  the  latter  is  not  immediate,  and,  con- 
sequently, that  the  electro-motive  forces  of  which  it  is  the  manifestation  are 
not  in  operation  at  the  moment  that  the  cross  surfaces  of  the  muscular  fibres 
are  exposed.  It  waB  found  that  by  cooling  a  muscle  by  exposure  to  ice,  E 
could  be  increased  to  ytxt  second. 

It  has  probably  alreiatdy  suggested  itself  to  the  reader  that  the  difference 
between  A  and  B  might  be  due  in  whole  or  in  part,  not  to  the  delay  of 
"  development,"  but  to  the  "  negative  variation  "  produced  by  the  mechanical 
excitation  of  the  injured  surface.  The  question  has  been  exhaustively  dis- 
cussed in  the  paper.  The  most  conclusive  proof  that  it  is  not  so  is  obtained 
when  the  experiment  is  made  with  a  muscle  of  which  the  aponeurotic  ex- 
pansion of  the  Tendo  A  chillis  has  been  immediately  before  "  developed  "  by 
the  application  to  it  of  the  irritating  skin-secretion  of  the  frog.  By  this 
means  an  electrical  difference  is  produced  between  the  irritated  surface  and 
the  rest  of  the  muscle,  which  is  nearly  as  great  as  that  produced  by  stripping 
off  the  aponeurosis.  The  result  is,  if  v  =  «,  and  t  =  ^^  second,  that  A  and  B 
are  equal,  showing  that  during  the  period  investigated  the  excitation  due  to 
the  mechanical  injury  has  no  perceptible  influence. 

A  further  series  of  experiments  was  made  in  which  "regular"  muscles, 
such  as  the  sartorius,  or  the  semi-membranosus,  were  substituted  for  the 
gastrocnemius,  the  apparatus  being  so  modified  that  the  weight,  in  falling, 
instantaneously  crushed  one  end  of  the  muscle.  The  results  were  in  so  far 
of  greater  value  that  the  "  Streifzeit,"  from  the  nature  of  the  method  em- 
ployed, was  indefinitely  shortened.  Consequently,  as  the  galvanometer  circuit 
was  opened  in  some  instances  not  more  than  0''*0024,  in  others  not  more  than 
0"'00l4  after  the  injury,  any  influence  of  the  excitatory  variation  was  out 
of  the  question.     There  was  still  a  marked  difference  between  A  and  B, 

Conditions  which  affect  the  permanence  of  the  electro- 
motive activity  of  an  injured  surface.  In  ordinary  muscles  it  is 
well  known  that  the  negativity  of  the  cut  surface  once  developed  is 
tolerably  persistent,  but  in  the  case  of  the  heart  and  of  nerves  Engel- 
mann  has  shown  that  the  electrical  difference  between  injured  and 
sound  surface  rapidly  diminishes  immediately  after  the  injury.  The 
reason  why  this  is  not  the  case  in  voluntary  muscles  is,  according  to 
Engelmann,  that  the  histological  elements  are  of  much  greater  length. 
If,  as  there  seems  reason  to  believe,  those  elements  only  which  arc 
actually  within  the  range  of  the  destructive  action  are  affected  by  it, 
we  can  readily  understand  how  it  is  that  in  a  nerve  of  which  the  ele- 
ments are  not  much  more  than  a  millimeter  in  length,  the  subsidence 
of  the  electrical  effect  of  section  takes  place  much  more  rapidly  than  in 
muscle  of  which  the  elements  may  have  a  length  of  several  centimeters. 
These  considerations  Hermann  expresses  by  saying  that  "the  nega- 
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tivity  of  a  cross-cut  surface  can  only  last  so  long  as  the  cells  which  are 
cut  still  contain  remainders  of  living  protoplasm." 

The  only  process  by  which,  in  the  case  of  volimtary  muscles,  com- 
plete restoration  of  the  normal  electrical  state  of  an  injured  surface  can 
take  place  is  that  of  healing.  Engelmann  has  shown  that  when  a 
muscle  is  injured  subcutaneously,  the  injured  surface  is  negative  to 
other  parts,  but  that  the  electrical  inequality  rapidly  disappears,  pari 
passu,  with  the  restitution  of  the  other  structural  and  physiological 
properties. 

Influence  of  temperature.  The  only  condition,  according  to 
Hermann,  which  can  be  recognised  as  a  cause  of  electrical  inequality 
(i.e.j  of  current)  in  resting  muscle  is  inequality  of  temperature.  Some 
years  ago  he  discovered  that  in  muscles,  "  warmed  parts,"  provided  that 
the  increase  of  temperature  is  not  suflBcient  to  produce  heat  rigor,  are 
positive  to  cooler  parts*.  Hence  if  one  of  two  surfaces  by  which  a 
muscle  is  led  oflF  is  warmed,  a  current  is  produced  which  tends  in  the 
muscle  from  the  cooler  to  the  warmer  surface.  By  increasing  the 
warming  this  current  is  reversed. 

Currents  of  entire  muscles.  Notwithstanding  what  has  been 
said  as  to  the  absence  of  currents  in  wholly  uninjured  muscles,  it  is  well 
known  that  the  muscles  of  frogs,  even  when  prepared  with  the  utmost 
care,  always  exhibit  slight  electrical  differences.  According  to  Her- 
mann these  differences  are  due  exclusively  to  injured  fibres,  all  others 
acting  the  part  merely  of  indiflFerent  conductors.  If  this  is  so,  we 
should  expect  that  the  relatively  feeble  currents  which  the  galvanometer 
indicates  when  muscles  in  this  state  are  led  off  by  various  contacts, 
would,  so  long  as  the  integrity  of  the  surface  is  maintained,  be  purely 
accidental  in  their  character,  and  have  no  relation  to  the  form  and 
structure  of  the  muscle.  By  experience  we  know  that  it  is  not  so,  that 
on  the  contrary  in  all  muscles  we  can  foretell,  by  reference  to  the  struc- 
tural plan  of  the  muscle,  what  will  be  found  to  be  the  distribution  of 
the  electrical  inequalities  on  the  surface.  The  explanation  which  Her- 
mann gives  of  this  is  as  follows: — If  the  surface  of  a  muscle  is  affected 
promiscuously  by  injuries,  it  is  always  the  case  that  an  electro-motive 
force  directed  from  the  end  towards  the  longitudinal  surface  manifests 
itself;  for  if  the  surface  has  been  subjected  to  a  slight  injury,  the  result- 
ing loss  of  vitality  of  the  longitudinal  surface  is  arrested  in  its  progress 

*  The  results  of  my  own  observationB  as  to  the  remarkable  influence  of  changes  of 
temperature  on  the  surface  of  the  heart,  have  been  recently  communicated  to  the  Boyal 
Society  in  a  preliminary  note,  and  will  shortly  be  published  in  exUnto  in  this  Journal. 
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at  the  junction  of  the  superficial  layer  of  fibres  with  the  layer  below; 
whereas  the  death  of  the  end-surface  gives  rise  to  a  persistent  altera- 
tion*, the  result  of  which  manifests  itself  in  a  permanent  "  demarcation 
current"  analogous  to  that  between  a  cut  surface  and  a  natural  longitu- 
dinal one.  The  inequality  once  established  is  of  course  increased  by 
the  oblique  direction  in  which,  in  most  muscles,  the  muscular  fibres  are 
inserted  into  the  tendinous  expansions. 


III.    Action  Currents. 

The  wave-like  propagation  of  the  negative  variation.  The 
fact  that  the  electrical  effect  of  excitation  is  propagated  in  muscle 
with  a  definite  velocity  was  discovered  by  Bernstein  in  1869.  By 
means  of  investigations  made  with  the  aid  of  the  "differential  rheo- 
tome"  he  discovered  that  when  a  muscle  is  subjected  to  direct  exci- 
tation, the  excited  part  becomes  negative  to  other  parts,  and  that  the 
area  or  tract  of  negativity  travels  along  the  fibre  with  a  velocity 
which  agrees  with  that  of  the  wave  of  contraction.  The  phenomenon 
admitted  of  a  ready  enough  explanation  in  accordance  with  the  mole- 
cular theory,  and  was  so  explained  by  Bernstein.  Hermann  regards 
the  excitatory  negativity  not  as  a  diminution  of  any  pre-existing  current, 
but  as  the  manifestation  of  electro-motive  forces  which  come  into  opera- 
tion at  the  moment  and  at  the  seat  of  excitation.  He  accordingly  calls 
the  currents  by  which  these  forces  manifest  themselves  "action 
currents."  Action  currents  are  characterized  by  Hermann  as  either 
phasic  or  tetanic.  By  the  word  phasic  he  denotes  the  fact  that  when 
a  wave  of  excitation  passes  along  a  muscular  fibre  which  is  connected 
with  a  galvanometer  at  two  points,  each  led  off  point  is  seen  to 
become  negative  to  the  other  at  the  moment  the  wave  passes  it. 
The  result  is  that  the  magnet  is  acted  on,  first,  by  a  current  of  which 
the  direction  coincides  (in  the  muscle)  with  that  of  the  progress  of  the 
wave  (first  phase),  and  secondly  by  a  current  in  the  opposite  directionf. 
When  a  muscle  is  tetanized,  and  the  condition  investigated  in  the  same 
way,  no  indications  present  themselves  of  propagation,  for,  as  in  every 
fibre,  wave  follows  wave  in  continuous  and  rapid  succession,  the  two  led 

*  "Hat  eine  geringe  Sohadlichkeit  die  Oberflaohe  des  Moskels  getroffen,  so  xnacht  das 
Absterben  des  Langsohnitts  an  der  naohsten  Fasergrenze  Halt,  wahrend  das  Absterben 
Tom  Qnersohnitt  her  einen  dauemden  Strom  yemrsaoht.*' 

t  The  phenomenon  is  the  same  as  da  Bois'  J>o/fftUehviafAun9^  observed  first  by 
G.  8.  Mayer  in  the  gastroonemios. 
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off  points  are  always  in  the  same  condition,  and  would^  according  to 
Hermann,  remain  iso-electrical  so  long  as  the  tetanic  state  lasted,  if  it 
were  not  that  the  effect  i.e.  the  negativity  of  the  progressing 
tract  of  excitation  diminishes  as  it  travels. 

Tetanic  action  currents.  What  we  have  hitherto  called  the 
"negative  variation"  of  the  current  which  tends  from  the  cut  surface  to 
the  natural  surface  of  a  muscle,  Hermann  proposes  for  the  future  to 
designate  the  "ausgleichender  Actionsstrom;''  because,  as  he  explains 
it,  it  consists  in  this,  that  "the  living  part  of  the  muscle  undergoes  a 
change  in  the  same  direction  as  that  which  the  dying  part  (i.e.  the 
injured  part  at  the  cut  surface)  has  already  imdergone." 

The  relatively  feeble  "negative  variation"  of  the  uninjured  muscle  in 
tetanus,  which  du  Bois  explains  by  attributingit  to  the  slight  participa- 
tion of  the  terminal  layer  of  parelectronomic  molecules  in  the  excitatory 
change,  Hermann  proposes  to  call  the  ^'decremential  current."  He 
denies  that  the  change  is  localized  at  the  terminal  surface  of  the  muscle, 
and  regards  it  as  resulting  from  the  fact  that  "«ach  excitation  wave  as  it 
travels  along  the  fibre  diminishes  in  intensity."  Hence  if  any  spot  of 
the  surface  of  a  muscle  is,  during  the  tetanic  state,  compared  galvano* 
soopically  with  any  other  spot  situated  at  a  greater  distance  from  the 
origin  of  the  excitation  waves,  i.e.  from  the  excited  point,  it  is  found  to 
be  n^ative  to  it. 

Totally  tetanized  muscles  are  iso-electrical.  The*  general 
principle  by  which  we  can  best  explain  the  preceding  facts  is  this,  that 
in  muscle  all  parts  are  equally  excitable  and  equally  excited  when  acted 
on  by  equal  stimuli. 

If  this  principle  is  true  it  must  follow  that  if  a  means  exists  by 
which  the  whole  substaaoe  ef  a  muscle  can  be  excited  in  equal  degree 
at  the  same  moment,  then,  inasmuch  as  all  parts  are  in  the  same  phase 
of  electrical  disturbance  at  the  same  moment,  there  will  be  no  variation; 
the  muscle  will  remain  iso-electrical  throughout. 

That  this  is  so  as  regards  the  muscles  of  frogs  Hermann  seems  to 
have  proved,  for  he  has  found  that  when  an  uninjured  curarized  muscle 
is  "totally"  tetanized  by  induction  currents  passing  through  it  from  end 
to  end,  its  surface  exhibits  no  electrical  differences.  Another  conse* 
quence  follows  from  it  of  which  the  empirical  proof  is  more  difficult. 
We  have  already  seen  that,  according  to  Hermann,  the  differences 
which  present  themselves  in  entire  muscles  after  removal  irom.  the  body 
during  tetanus  {i.e.  the  fact  that  during  tetanus  the  physiological 
middle  zone  of  a  muscle  becomes  negative  to  every  other  zone,  and  that 

PH.   I.  16 
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of  any  two  zones  that  is  most  negative  which  is  nearest  to  the  middle 
zone)  are  dependent  on  the  circumstance  that  each  of  the  successive 
waves  of  excitation  which  emanate  from  the  "nervous  equator"  diminish 
as  they  proceed  towards  the  ends  of  the  muscle,  and  that  this  diminu- 
tion is  due  to  exhaustion.  If  this  is  so,  there  ought  to  be  no  such  effect 
in  muscles  in  which  the  circulation  is  still  maintained;  and  consequent- 
ly no  action  currents — no  electrical  inequalities  of  any  kind  arising 
from  muscular  action — should  exist  in  the  living  body.  What  then 
becomes  of  the  experiment  by  which  we  are  in  the  habit  year  after  year 
of  demonstrating,  that  when  we  exert  the  muscles  of  one  forearm,  the 
resting  arm  becomes  negative  to  the  exerting  arm  ?  The  reader  will 
perhaps  not  be  surprised  to  learn  that  this  phenomenon  admits  of  being 
explained  independently  of  muscular  action.  Hermann  states  that  he 
has  found  by  experiments,  not  yet  published,  that  it  is  due  to  a 
"cutaneous  current." 

The  experimental  results  on  which  Hermann's  conclusions  relating  to 
"tetanic  action  currents"  are  founded,  are  recorded  in  the  4th,  6th  and 
7th  sections  of  his  paper.  At  the  head  of  the  4th  section  stands  the  fol- 
lowing proposition.  "The  seat  of  the  electix)-motive  force  of  the  tetanic 
action  current  is  not  at  the  ends  of  the  fibres,  but  the  electro-motive  force  is 
distributed  equally  throughout  the  whole  of  the  course  along  which  the 
excitation  is  propagated."  This  proposition  had  to  be  proved,  first  in  the  case 
of  curarized  muscle  excited  directly,  and,  secondly,  in  muscles  excited  through 
their  nerves.  For  both  purposes  the  most  important  observations  related  to 
the  adductor  magnus,  with  reference  to  the  mode  of  preparing  which  the 
reader  must  refer  to  the  paper.  It  will  be  suflScient  to  explain  that  the 
preparation  used  consisted  of  the  two  adductors^  which  were  connected  together 
at  their  upper  ends  by  the  symphysis,  and  remained  attached  to  the  two 
femora.  The  muscles  were  extended  by  houks  fixed  in  each  knee-joint,  so  that 
their  arrangement  may  be  represented  by  the  following  diagram,  in  which  the 
horizontal  line  represents  the  two  muscles  and  S  the  symphysis. 

6     9  15  9     1 


tea  o  \  c  d  c« 

The  numbers  above  the  line  express  the  distances  in  millims.  between  the 
points  6,  e'y  a,  6,  kc,  in  the  first  experiment  of  the  series,  of  which  the  fol- 
lowing are  the  particulars.  The  muscle  was  excited  by  the  electrodes  e,  e\ 
distant  5  millims.  from  each  other,  and  connected  with  the  secondary  coil,  of 
which  the  distance  from  the  primary  was  5  centims.  At  each  of  the  zones  a, 
h  and  c  the  muscle  was  surrounded  by  a  loop  of  twine  steeped  in  salt  solution, 
with  which  the  non-polarizable  electrodes  of  the  galvanometric  circuit  were 
connected,  so  that  the  electric  difference  could  be  measured  at  will  between 
any  two  zones  (c  standing  for  S  so  long  as  the  right-hand  muscle  was  not 
excited).  The  point  to  be  determined  was  whether  the  electrical  difference 
found  to  exist  during  tetanus  between  S  and  any  two  zones  (as  e.g,  the  zones 
a  and  h)  was  proportional  to  their  distance  from  S,     The  results  were  not  so 
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consistent  as  could  Lave  been  wished.  Thus  in  the  first  experiment  the 
distance  a,  b  was  to  the  distance  6,  aS'  as  54  to  100,  while  the  electrical  differ- 
ence between  a  and  b  was  to  that  between  a  and  iS  as  63  to  100.  This  was 
sufficiently  near,  but  in  the  next  observation  on  the  same  muscle,  excited 
with  stronger  induction  currents,  we  have,  between  the  same  points,  the 
ratios  between  the  electro-motive  forces  and  the  distances  differing  in  the 
proportion  of  22  to  63.  It  was  to  be  noted,  however,  that  this,  which 
happens  to  be  the  first  example  given,  is  quite  exceptional;  the  remainder 
(see  pp.  224,  225)  are  sufficiently  consistent  to  justify  the  conclusion  of  the 
author  as  regards  the  upper  half  of  the  adductor  magnus,  that  when  it  is 
tetanized  by  excitation  of  its  lower  end  its  upper  end  becomes  2)ositive  to  all 
other  parts  in  proportion  to  their  distance. 

By  the  application  of  a  similar  method  it  was  shown  that  when  the 
adductor  was  tetanised  through  its  nerve,  the  electrical  condition  of  the 
muscle  during  tetanus  is  in  so  far  similar  that  the  upper  end  is  positive  to 
any  zone  of  the  upper  half,  the  difference  being  proportional  to  the  distance. 
The  mode  of  experimentation  differed  from  the  former  ojily  in  respect  of  the 
modes  in  which  the  muscles  were  led  off  and  the  arrangements  for  exciting 
the  nervea  The  interesting  fact  was  arrived  at  that  in  each  muscle  there 
was  an  excitatory  negative  zone,  i.e.  a  zone  of  greatest  negativity  during 
tetanus,  the  distance  of  which  from  the  upper  end  of  the  muscle  was  found 
to  be  a  little  greater  than  the  distance  of  the  fibres  of  the  nerve  (see  p.  232). 
From  this  £u;t,  the  conclusion  is  arrived  at  that,  when  a  muscle  is  tetanized 
from  the  nerve,  the  effect  consists  in  the  propagation  along  each  muscidar 
fibre  of  continuous  successions  of  travelling  discoid  ti*acts  of  negativity,  all 
of  which  start  from  the  negative  zone  (Hermann's  nervoser  jEquator\  and 
make  their  way  to  the  opposite  ends  of  the  muscle. 

We  now  come  to  the  last  empirical  result  relating  to  tetanic  action 
currents,  viz.  to  the  proof  that  when  a  muscle  is  tetanized  "totaUy"  no 
electrical  difference  manifests  itself  between  different  parts  of  its  surface. 

Several  difficulties  stand  in  the  way  of  the  investigation  of  the  electro- 
motive phenomena  of  a  '^  totally "  tetanized  muscle.  One  is,  that  the  time 
for  observation  is  limited  to  the  intervals  between  the  successive  excitations — 
l>eriods  of  perhaps  a  50th  of  a  second ;  and  another,  that  duiing  these  periods 
the  condition  of  the  muscle  is  interfered  with  by  polarization,  i.e.  by  the 
electro-motive  force  which  is  brought  into  operation  in  the  interior  of  the 
muscle  by  the  induction  currents  used  to  excite  it  The  influence  of  this 
''  internal  polarization  "  lasts  for  a  sufficient  time  after  each  excitation  to  affect 
the  galvanometer  sensibly. 

Professor  Hermann  employed  for  the  investigation  a  rheotome  so  con- 
structed that  the  excitation  circuit  (that  of  the  secondary  coil  of  the  induction 
apparatus)  and  the  galvanometer  circuit  were  closed  alternately  twenty  times 
in  a  second ;  as  the  period  of  closure  of  each  circuit  was  ^^V,  there  was  an 
interval  between  the  opening  of  the  galvanometric  circuit  and  each  preceding 
and  following  period  of  excitation  of  -j-jTy",  so  that  the  order  was  as  follows,  the 
continuous  lines  denoting  the  periods  of  closure  of  the  galvanometer  cii'cuit, 
and  the  dotted  lines  those  of  the  excitation  circuit : 


The  exciting  electrodes  were  non-polarizable,  and  placed  at  the  ends  of  the 
muscle.     The  interrupter  of  the  primary  coil  was  in  constant  action,  so  that 
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at  each  closure  of  the  secondaiy  coil  a  succession  of  induction  shocks  was 
sent  through  the  muscle.  The  muscle  was  led  off  by  a  loop  of  twine 
moistened  in  salt  solution,  which  surrounded  its  middle,  and  by  a  second 
electrode  near  one  end.  A  reverser  was  introduced  into  the  exciting  circuit. 
In  all  the  experiments  any  existing  current  was  first  compensated.  The 
musde  was  then  tetanized,  first  with  the  secondary  coil  at  10  centims.,  then 
at  shorter  distances.  In  most  of  the  experiments  it  was  found  that  so  long 
as  the  induction  currents  were  not  veiy  strong,  the  galvanometer  was  un- 
affected, whatever  was  their  direction.  In  some  instances  it  was  otherwise ; 
but  in  these  the  deflections  were  for  the  most  part  inconsiderable,  and  not 
to  be  compared  with  those  which  the  same  muscles  immediately  afterwards 
3delded  when  *'  developed  "  by  the  action  of  heat  or  acid  on  their  surfaces — 
the  general  conclusion  being  that  in  uninjured  muscles,  whose  surfaces  are 
iso-electric,  no  "action  current''  is  brought  into  existence  by  total  excitation 
(p.  216). 

Phasic  action  currents.  Bernstein's  investigations  as  to  phasic 
currents,  i.e.  as  to  the  electrical  changes  which  manifest  themselves  in  a 
fiMiscular  fibre  during  the  propagation  of  a  wave  of  excitation  along  it, 
were  limited  to  curarized  muscles.  Sigmund  Mayer,  however,  used 
Bernstein's  instrument  for  the  purpose  of  analysing  the  similar 
phenomena  which  present  themselves  in  non-curarized  muscles  (the 
gastrocnemius)  when  they  are  excited  by  single  induction  shocks 
directed  through  their  nerves.  In  this  case  the  resulting  single  excita* 
tion  wave  originates  not  from  the  electrodes,  but  from  the  end-plate  of 
each  nerve-fibre.  The  observations  of  S.  Mayer  have  been  repeated 
and  very  fully  discussed  by  du  Bois  Reymond  in  his  recent  papers  on 
the  negative  variation*.  The  phenomenon  observed  in  the  gastrocne- 
mius is  this,  viz;  that  when  this  musde  is  led  off  by  its  opposite  tendons 
the  negative  variation,  of  which  the  total  duration  is  less  than  -^  of  a 
second,  consists  of  two  phases,  in  the  first  of  which  the  lower  end  of  the 
muscle  becomes  more  positive,  in  the  second  the  upper  end,  the  result  as 
regards  the  galvanometer  being  the  production  of  what  du  Bois  calls 
a  "Doppelschwankung."  The  explanation  given  by  du  Bois  is  that  the 
first  phase  has  its  seat  at  the  tendinous  expansion,^  the  negative  varia- 
tion being  due  to  the  excitatory  electro-motive  changes  which  go  on  at 
the  tendon  ends  of  each  muscle-fibre,  and  that  the  excitatory  change 
begins  somewhat  more  suddenly,  and  is  ax^complished  in  a  shorter  time 
at  the  Tendo  Achillis  (the  AchiUesspiegel  of  dn  Bois)  than  at  the 
upper  end  (the  Kniespiegel),  in  consequence  of  which  the  effect  which 
proceeds  from  below  has  the  advantage  as  regards  time.     Hermann 

•  Ueber  die  negative  Sehwankung  det  MuskeUtromet,  Ac.     GeaammelU  Abhandlungen, 
Ikl.  11.  p.  521. 
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rejects  this  theory  on  the  ground,  that  in  every  regularly  constiiicted 
muscle  which  consists  of  parallel  fibres  which  run  from  end  to  end, 
and  receives  its  motor-nerve  in  the  middle,  it  can  be  shown  that  when- 
ever a  single  excitation  is  communicated  to  the  muscle  by  its  nerve, 
two  waves  start  from  the  nerve  (i.e.  from  the  nerve-endings)  and  travel 
endwards  in  both  directions.  The  proof  of  this  lies  in  the  observation 
that  if  the  galvanometer  is  connected  with  the  middle  of  the  muscle 
and  either  end,  the  deflection  observed  is  found,  when  analysed  by  the 
rheotome,  to  have  the  phasic  character,  the  first  phase  being  (as  Her- 
mann calls  it)  atterminal,  and  indicating  that  the  end  of  the  muscle 
becomes  positive  to  the  middle,  the  second  abterminal.  Without  the 
rheotome  the  deflection  is  simply  atterminal,  for  the  first  phase  is 
incomparably  stronger  than  the  second. 

The  result  of  all  this  is  that  in  nerved  muscles  the  electrical  pheno- 
mena which  attend  the  propagation  of  the  excitation  wave  correspond 
completely  with  those  observed  by  Bernstein  in  nerveless  muscles. 
In  Bernstein*s  fundamental  experiment*,  a  curarized  sartorius  is  led  off 
at  two  points  of  its  surface,  and  excited  at  one  end  by  a  single  induction 
shock.  The  single  excitation  wave  travels  from  the  point  of  excitation 
with  a  velocity  of  three  meters  per  second,  and  as  it  passes  each  elec- 
trode renders  it  negative,  the  effect  lasting  for  about  -^"*  Inasmuch 
as  one  of  the  electrodes  is  near,  the  other  far  from  the  starting  point, 
the  near  electrode  becomes  negative  first,  then  the  others:  hence  the 
Doppelschwankung. 

For  the  piupose  of  investigating  the  excitatory  variation  consequent  on  a 
single  induction  shock  through  the  nerve  the  Fall-rheotome  is  employed.  When 
the  instrument  is  intended  to  be  used  for  this  purpose  the  only  modification 
required  is  that  the  slider  by  which  the  muscle  is  supported  is  replaced  by 
another,  to  which  a  key  is  fixed,  of  such  construction  that  the  weight  in  falling 
opens  it  (see  below).  Consequently,  as  this  key  is  included  in  the  primaiy 
circuit  of  an  induction  coil  of  which  the  secondary  contains  the  exciting 
electrodes,  the  time  which  intervenes  between  the  opening  of  the  primaiy 
circuit  (t.6.  the  opening  induction  shock)  and  the  closure  of  the  galvanometer 
circuit,  can  be  varied  at  will  and  measiu^  accurately.  As  compared  with  the 
investigation  of  the  excitatory  variation  by  means  of  Bernstein's  rheotome 
it  has  the  advantage  of  greater  simplicity  and  is  free  from  several  drawbacks. 
In  the  use  of  Bernstein's  instrument  the  excitations  follow  each  other  in 
such  rapid  succession  that  the  state  of  the  muscle  approaches  that  of  tetanus. 
Consequently  it  becomes  exhausted  during  the  progress  of  the  observation, 
and  is  so  far  in  a  different  condition  at  the  end  of  the  experiment  fix>m  that 
in  which  it  is  at  the  beginning.     Observations  with  the  Fall-rheotome  are  free 

•  Untertuchungcn  iibcr  den  Erregungivorgang,  &e.     Heidelberg,  1871,  p.  67. 
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from  this  objection.  The  only  difficulty  is  that  it  is  necessary  to  employ  a 
galvanometer  of  extreme  sensitiveness  to  weak  instantaneous  currents. 

As  in  the  other  case,  the  method  will  be  best  understood  by  an  example. 
The  muscle  used  was  the  gastrocnemius,  of  which  the  nerve  was  excited  six 
millims.  from  its  entrance,  the  distance  of  the  secondary  coil  being  12*0 
centima  It  was  led  off,  as  in  the  former  experiment,  by  its  tendons,  and  was 
compensated  byO*02DanielL  It  responded  by  a  deflection  of  41  on  the  scale 
to  the  opening  induction  current.  The  interval  between  excitation  and 
closure  of  the  circuit  (the  circuit  being  in  all  cases  closed  for  0'''0034)  was 
varied  in  successive  experiments  up  to  0''*01.  If  the  closure  took  place  sooner 
than  O''"0021  after  the  excitation,  there  was  no  variation.  When  the  closure 
occurred  between  0"*0021  and  0"'008  the  variation  was  "negative,"  t.«.  the 
lower  end  became  positive  to  the  upper.  If  the  interval  exceeded  0"*008 
it  was  "positive"  (i,e.  the  lower  end  of  the  muscle  became  negative).  If  it 
exceeded  0"'01  there  was  no  effect;  so  that  it  was  to  be  concluded,  as  regards 
the  gastrocnemius,  that  the  variation  ends  between  0"-01  and  0"*0134*. 
These  results  agreed  in  all  essential  particulars  with  those  previously  obtained 
by  S.  Mayer  with  Bernstein's  instrument. 

The  author  next  proceeded  to  apply  the  same  method  to  the  investigation 
of  the  electrical  effect  of  total  direct  excitation.  In  this  investigation  the 
Fall-rheotome  presented  great  advantages.  For,  in  Bernstein's  instru- 
ment the  induction  circuit  is  necessarily  closed  during  the  whole  period  of 
observation,  so  that  if  the  induction  currents  were  to  enter  and  leave  the 
muscle  by  the  same  contacts  as  those  by  which  it  is  led  off  during  the  inter- 
vals between  each  excitation  and  the  following  one,  it  is  obvious  that  the 
secondary  circuit  would  constitute  a  "  side  wire "  to  the  galvanometer.  The 
muscles  used  were  the  group  of  the  gracilis  and  semimembranosus, 
which  were  attached  below  to  the  knee  and  to  a  part  of  the  tibia,  and 
above  to  part  of  the  pelvis,  and  were  extended  by  hooks  fixed  in  these 
attachments.  The  preparation  was  led  off  (1)  by  its  lower  end,  which  had 
been  previously  immersed  in  hot  water  so  as  to  yield  a  "thermic"  injured 
surface,  and  (2)  by  the  middles  of  the  muscles.  The  same  electrodes  served 
for  the  excitation  currents  as  for  the  connection  with  the  galvanometer.  The 
preparation  was  excited  by  a  closing  induction  shock  immediately  followed  by 
an  opening  one,  the  key  employed  for  closing  and  opening  the  primary  circuit 
being  so  constructed  that  the  weight  in  falling  first  closed  the  primary  circuit 
for  a  period  of  0"*0014,  and  inamediately  afterwards  opened  the  induction 
circuit.     It  was  of  course  necessary  to  use  very  strong  induction  shocks. 

In  consequence  of  internal  polarization,  the  extent  of  the  variation  differs 
according  to  the  direction  of  the  primary  current,  so  that  in  order  to  get  true 
results  the  observations  must  be  taken  in  couples,  between  each  member  of 
which  the  direction  of  the  primary  current  was  reversed.  As  the  effect  of 
polarization  may  amount  to  a  considerable  proportion  of  the  total  effects 
recorded,  this  is  of  course  absolutely  necessary. 

The  main  result  of  the  investigation  can  be  stated  in  a  few  words.  The 
variation  of  an  injured  muscle  when  "totally"  excited  exhibits  no  trace  of 
phases.  Consequently,  whatever  be  the  interval  of  time  between  the  excita- 
tion and  the  closure  of  the  galvanometer  circuit,  the  direction  of  the  deflection 
is  always  such  as  to  indicate  that  the  end  of  the  muscle  becomes  iK)sitive. 

*  Pfiiigcr'i  Archiv,  Vol.  xv.  p.  237. 
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The  details  are  as  follows : — The  largest  deflections  were  obtained  when  the 
closing  time  was  from  0"-0016  to  0"'0069  after  the  excitation,  but  exhibited 
very  Uttle  diminution  so  long  as  it  was  included  within  the  first  hundredth  of 
a  second,  e.g.  when  the  period  of  closure  was  from  0"*0055  to  0"*010.  After 
this  it  diminished. 

The  most  interesting,  though  not  the  most  important  result  of  Her- 
mann's investigation  of  "phasic  currents"  in  nerved  muscles,  is  the 
discovery  that  the  same  phenomena  as  are  observed  in  the  entire 
muscles  of  frogs,  can  also  be  demonstrated  in  human  muscles.  In  the 
experiment  of  du  Bois,  to  which  reference  has  already  been  made*,  a 
person  having  immersed  the  index  fingers  of  his  two  hands  in  two 
basins  containing  salt  solution  connected  with  the  opposite  terminals 
of  a  galvanometer,  produces  deflections  of  the  needle  of  which  the 
direction  differs  according  as  the  one  or  the  other  arm  is  thrown  into 
action.  The  objection  to  which  this  observation  is  liable,  namely  that 
the  results  may  be  due  to  electro-motive  forces  having  their  seat  else- 
where than  in  the  muscles  (see  p.  206),  does  not  apply  to  the  case  of 
single  contractions.  That  these  are  also  accompanied  by  electromotive 
changes  Professor  Hermann  has  now  succeeded  in  demonstrating  on 
the  human  subject,  and  employs  for  the  purpose  the  muscles  of  the 
fore-arm.  His  method  consists  in  surrounding  the  fore-arm  with  two 
zones  of  twine  soaked  in  salt  solution,  which  are  severally  in  connection 
with  the  terminals  of  the  galvanometer.  One  zone  surrounds  the  arm 
at  the  physiological  middle  (nervoser  Aequator,  an  imaginary  transverse 
section  of  the  fore-arm  muscles,  the  distance  of  which  from  the  elbow 
is  the  mean  of  the  distances  of  the  muscular  endings  of  the  nerves  which 
are  distributed  to  them),  the  other  at  the  wrist.  The  exciting  electrodes 
are  applied  to  the  surface  of  the  skin  covering  the  brachial  plexus, 
and  the  galvanoscopic  effect  is  investigated  with  the  aid  of  the 
rheotome.  The  result  is  that  it  is  found  to  consist  of  two  phases,  in 
the  first  of  which  the  wrist  becomes  positive,  in  the  second  negative. 
The  transition  from  the  positive  to  the  negative  takes  place  about  a 
hundredth  of  a  second  after  the  excitation.  Thus  the  phenomena  of 
the  phasic  action  current  as  observed  in  the  frog  are  reproduced  in 
the  muscles  of  the  human  fore-arm,  with  this  important  difference 
between  the  two  cases,  that  whereas  in  the  prepared  muscle  of  the  frog 
the  /'  abterminal "  phase  is  even  in  the  first  state  very  inconsiderable  as 
compared  with  the  "  atterminal,"  they  are  in  the  living  arm  sensibly 

^  A  good  description  of  this  experiment  will  be  found  in  Bosenthal's  Allgem. 
Phyiiol.  der  Muskeln  nnd  Nerven^  p.  201. 
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equal  In  this  fact  Hermann  finds  a  striking  confirmation  of  the  truth 
of  his  theory,  that  the  diminution  which  the  excitation-wave  undergoes 
in  its  progress  is  due  to  exhaustion. 

The  author  concludes  by  observing  that  as  regards  muscle,  all  exciT 
tatory  electro-motive  phenomena  may  be  referred  to  one  principle,  viz. 
that  the  electro-motorial  reaction  by  which  all  excitable  protoplasm 
responds  to  destructive  as  well  as  to  excitatory  influences  consists  in 
the  fact  that  the  substance  acted  upon  becomes  negative  to  the  part 
which  is  not  acted  upon.  Whatever  meaning  may  be  eventually 
assigned  to  this  proposition,  there  can  be  little  doubt  that,  by  esta- 
blishing a  more  intimate  relation  than  before  existed  between  the 
electrical  and  the  other  essential  phenomena  of  the  life*  of  contractile 
and  excitable  tissues,  the  investigations  of  which  I  have  endeavoured  to 
give  an  intelligible  account  have  added  very  considerably  to  the  physio- 
logical interest  of  the  subject. 


THE  ACTION  OF  ARSENIATE  OF  SODA  AND  AR- 
SENIOUS  ACID  ON  FROGS.  By  SYDNEY  RINGER, 
M.D.,  Professor  of  Medicine  at  University  College;  cmd  WILLIAM 
MURRELL,  M.RC.P.,  Assistant  Physician  to  the  Royal  Hospital 
•  for  Diseases  of  the  Chest,  and  Lecturer  on  Practical  Physiology  at 
the  Westminster  School  of  Medicine. 

In  the  Archiv  fur  Anat.  Physiolog.,  &c.  1866,  p.  481,  Sklarek 
records  some  experimeDts  concerning  the  action  of  arsenic  on  frogs. 
He  says,  that  in  about  five  minutes  after  injecting  it,  the  animal  lies 
flat  with  extended  extremities,  and  without  breathing.  Pinching  or 
other  irritation  excites  neither  reflex  action  nor  voluntary  motion, 
though  much  voluntary  power  remains,  for  on  lifting  the  animal,  or 
withdrawing  a  leg,  or  turning  the  frog  on  its  back,  it  displays  active 
voluntary  movements.  In  a  short  time,  however,  the  animal  becomes 
completely  paralysed.  Arsenic,  therefore,  paralyses  first  sensation  and 
reflex  action,  and  sometime  afterwards  voluntary  power. 

Now  paralysis  takes  place  in  this  order  after  mechanical  arrest  of 
the  circulation  by  ligature,  or  by  excision  of  the  heart  Arsenic  being 
a  powerful  paralyser  of  the  heart,  we  were  induced  to  undertake  this 
series  of  investigations  to  ascertain  whether  arsenic  paralyses  simply  by 
arresting  the  heart's  action.  Our  experiments  show  that  arsenic  does 
not  paralyse  simply  by  its  action  on  the  heart,  but  that,  like  potash,  it 
has  a  poisonous  action  on  all  nitrogenous  tissues,  and  destroys  their 
function. 

We  commenced  our  experiments  in  October,  1877.  We  first  experi- 
mented with  arseniate  of  soda,  using  a  solution  of  the  same  strength  as 
that  employed  by  Sklarek,  but  we  obtained  veiy  different  results  from 
those  described  by  him.  We  then  tried  arsenious  acid  dissolved  by  the 
aid  of  a  small  quantity  of  soda,  and  with  this  form  of  the  drug  we  ob- 
tained effects  similar  to  those  recorded  by  Sklarek.  In  this  paper  we 
shall  describe,  first  the  action  of  arseniate  of  soda,  and  then  of  arsenic, 
and  point  out  in  what  respects  they  differ ;  then  we  shall  adduce  expe- 
riments proving  that  arsenious  acid  is  a  protoplasmic  poison,  destructive 
of  the  function  of  nitrogenous  tissue. 

PH.    I.  16 
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The  dction  of  Arseniate  of  Soda  on  Frogs.  • 

We  employed  the  soda  salt,  since  soda,  unless  used  in  very  large 
quantities,  does  not  paralyse  frogs,  whilst  even  a  small  quantity  of  a 
potash  salt  produces  complete  paralysis.  We  injected  under  the  skin 
the  quantity  used  by  Sklarek  in  his  experiments,  but  we  obtained 
very  different  results.  Thus  paralysis  set  in  slowly,  and  sensation  per- 
sisted as  long,  or  almost  as  long,  as  voluntary  power.  Sensation  first 
ceased  in  the  toe  and  foot,  whilst  in  the  calf  and  thigh  it  still  remained 
good.  Then  in  some  cases  sensation  ceased  before  the  loss  of  voluntary 
power,  but  in  others  continued  as  long  as  voluntary  power.  Table  I. 
shows  the  weight  of  the  animal,  and  the  dose  of  arsenic  administered. 


Table  I.    Solution  injected  hypodermically  under  skin  of  back. 


Arseniate  of  Soda,  1  in  20  soltUion. 

Date. 

Weight  of 
animal  in 
grammes. 

Dose 

in 
grains. 

Oct  23 
„    23 
„    23 
„    24 
„    24 

28i 

21 

33 

32 

27 

1 

T 

1 

nr 

3 

I 

20 

3 

20 

1  in  40  solution. 

Though  we  administered  large  doses,  from  -jJ^th  to  f  ths  of  a  grain, 
still  for  several  hours  the  poison  produced  no  effect,  the  frogs  in  these 
experiments  remaining  unaffected  4J,  11,  4J,  7,  and  7  hours  respect- 
ively, and  then  paralysis  set  in. 

In  the  first  experiment,  after  11  hours,  only  very  slight  reflex  action 
remained. 

In  the  second,  after  13  hours,  only  slight  reflex  action  remained,  and 
next  morning  the  animal  was  found  dead. 

In  the  third,  the  animal  died  in  11  hours. 

In  the  fourth,  voluntary  movement  was  extinguished  in  11  hours, 
but  reflex  action  remained  good.  This  frog  was  found  dead  next 
morning. 

In  the  fifth,  after  11  hours,  slight  voluntary  power  remained,  and 
reflex  action  was  unimpaired.    !Next  momiBg  we  found  the  frog  dead. 
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These  experiments  show  that  for  several  hours  (4  to  11),  after  poi- 
soning with  arseniate  of  soda,  the   animal  remains   unaffected;  that- 
complete  paralysis  is  not  established  in  less  than  13  hours ;  and  that 
voluntary  power  disappears  before  reflex  action. 

The  action  of  Arsenious  Acid  on  Frogs. 

The  effects  of  arseniate  of  soda  being  so  different  from  those  de- 
scribed by  Sklarek,  we  next  experimented  with  arsenious  acid.  As 
arsenious  acid  is  so  little  soluble  in  water,  we  were  obliged  to  add  an 
alkali,  and  chose  soda,  avoiding  potash,  this  base  having  such  a  powerful 
action  on  all  the  tissues.  Mr  Gerrard  prepared  for  us  a  solution  con- 
taining a  grain  of  arsenious  acid  to  five  of  water,  adding  hydrate  of  soda 
in  the  proportion  of  1  in  22. 

This  solution  we  injected  under  the  skin  of  the  back,  and  we  give 
the  results  in  Table  II. 

The  experiments  there  tabulated  show  that  in  poisoning  by  arsenious 
acid,  sensation  and  reflex  action  continue  longer  than  voluntary  action ; 
for  pinching  the  leg  excited  reflex  action  after  complete  loss  of  volun- 
tary power,  indicating  that  the  afferent  nerves  still  conducted  impres- 
sions. In  this  table  we  have  used  the  t^rm  "  sensation"  to  point  out 
that  the  afferent  nerves  are  still  active. 

The  effects  therefore  of  arsenious  acid  dissolved  by  the  aid  of  soda 
are  very  different  from  the  effects  of  arseniate  of  soda.  With  arseniate 
of  soda,  the  paralysis  does  not  begin  till  four  or  more  hours,  and  does 
not  become  complete  for  twelve  or  more  hours,  whilst  after  arsenious 
acid  paralysis  becomes  complete  in  40  minutes. 

It  might  be  just  possible,  we  thought,  that  the  powerful  effect  of 
the  arsenious  acid  solution  was  due  to  the  rather  large  quantity  of 
soda  it  contained.  To  ascertain  whether  the  soda  played  any  part  in 
the  paralysis,  we  experimented  with  a  solution  of  soda  prepared  for  us 
by  Mr  Gerrard,  containing  the  same  proportion  of  soda  as  in  the 
arsenious  acid  solution.  This  we  injected  under  the  skin  of  the  back 
of  two  frogs,  employing  the  same  proportionate  dose  of  soda  to  the 
weight  of  the  animal,  as  in  the  previous  experiments  with  arsenious 
acid.  Beyond  the  primary  shock,  lasting  about  a  minute,  this  injection 
produced  no  effect;  therefore  the  paralysis  following  the  injection  of  the 
arsenious  acid  solution  is  entirely  due  to  the  arsenic.  The  arsenious 
acid  solution  produced  a  far  greater  shock  than  the  simple  soda  solu- 
tion, and  it  occurred  to  us  that  this  was  due  to  the  great  concentration, 
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therefore  in  our  two  last  experiments  we  diluted  the  solution  to  1  in  10 
with  the  effect  of  greatly  reducing  the  shock. 

But  whilst  the  effects  of  arseniate  of  soda  differ  greatly  from  those 
of  arseuious  acid  dissolved  in  soda,  the  difference  consists  in  the  rapidity 
of  the  occurrence  of  the  effects,  for  in  both  cases  the  afferent  nerves 
retained  their  conducting  power  as  long,  or  even  longer,  than  voluntary 
power  continued. 

In  this  respect,  therefore,  our  observations  differ  from  those  of 
Dr  Sklarek,  who  found  that  sensation  and  reflex  action  were  abo- 
lished in  about  six  minutes.  The  reconcilement  of  this  difference  is, 
we  think,  to  be  found  in  the  time  of  year  the  experiments  were  made. 
We  presume  (for  unfortunately  Dr  Sklarek  does  not  give  the  season) 
that  his  investigations  took  place  in  the  months  of  May,  June,  July, 
or  August,  whilst  ours  were  made  in  October.  We  have  found  similar 
differences,  as  we  have  already  said,  in  the  effect  of  arrest  of  circulation, 
and  in  potash  poisoning. 

We  had  hitherto  used  very  strong  solutions  of  arsenious  acid,  1  in  6, 

1  in  10,  and  1  in  20.  The  1  in  5  solution  appeared  to  have  a  strong 
topical  action;  and  to  test  if  this  were  so,  we  injected  some  of  the  solu- 
tion under  the  skin  of  the  thigh.  After  complete  paralysis  we  stripped 
off  the  skin,  and  examined  the  muscles.  Those  the  solution  had 
reached' were  yellowish  and  quite  hard,  and  did  not  in  the  slightest 
degree  contract  on  the  application  of  a  strong  galvanic  current.  We 
therefore  used  a  much  weaker  solution,  namely,  2  per  cent.,  the 
strength  employed  by  Sklarek.  We  should  have  used  this  weaker 
form  at  first;  but,  with  so  weak  a  solution,  we  could  not  give  our  frogs 
anything  like  the  doses  he  administered. 

Mr  Gerrard  made  us  a  2  per  cent,  solution  with  just  sufficient 
liquor  sodae  to  dissolve  the  arsenic.  We  injected  five  minims  of  this 
under  the  back  of  a  frog,  and  after  the  induction  of  complete  paralysis, 
we  examined  the  muscles,  and  they  appeared  unaffected ;  moreover, 
the  back  and  thigh  muscles  contracted  under  galvanism,  as  well  as  the 
muscles  of  the  rest  of  the  body.  This  solution  therefore  has  no  imme- 
diate topical  action.   We  therefore  made  a  series  of  observations  with  this 

2  per  cent,  solution,  always  injecting  it  under  the  skin  of  the  back, 
close  to  the  posterior  lymph-hearts. 

We  first  give  a  short  account  of  the  symptoms  induced  by  these 
small  doses.  Soon  after  the  injection  the  animal  becomes  quiet,  but 
sensation,  reflex  action,  and  voluntary  power,  are  unimpaired.  In  ten 
to  twenty  minutes  the  animal  often  gapes,  and  keeps  its  mouth  open. 
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uid  sometimes  puts  its  paws  into  its  mouth.  It  looks  as  if  sick,  and 
two  frogs  actually  vomited.  Then,  after  twenty  to  thirty  minutes, 
voluntary  power  declines,  sensation  continuing  apparently  quite  unim- 
paired till. all  movement  ceases,  or  nearly  ceases.  It  is  difficult  to  tell 
when  reflex  action  begins  to  decline,  as  it  is  often  difficult  to  decide 
between  a  voluntary  and  a  reflex  act.  A  few  hours  after  death  a  very 
strong  post  mortem  rigidity  sets  in. 


Solulion  ofixrseniout  acid  2  per  cent,  dimolved  wil/t  the  aid  o/amaUest  quantity 
poeaihle  ofliqiuyr  soda. 


Date. 

in 

Watght  of 
flTiinlfll  ill 

Propof- 

Loss  of 

LORSOI 

a    andreflei 

Lose  of 

Lobs  of 

gimius. 

giammea. 

dose. 

h^un. 

action 
oaroplete. 

begun. 

compute. 

Nov.  6 

A 

31 

iAt 

4  luin 

42imn. 

4  min. 

42  min. 

„      8 

18 

TT^ 

32min 

52  min. 

26  min. 

52  min. 

,.      8 

20 

\iiie 

38  mm 

57  min. 

38  min. 

57  min. 

,.      9 

s 

34 

TOmit. 

1  130  min. 

33  min. 

130  min. 

»      9 

A 

40 

TTmin 

1  108  min. 

28  min. 

108  min. 

„      9 

A 

30 

33  -im 

48miii 

58  min. 

26  min. 

58  min. 

,.      9 
„    10 

V 

29 
33 

75  rain 

80  min. 
49  min. 

30  min. 
4  min. 

80  min. 
49  min. 

A 

TTTTT 

„    10 

A 

ai 

41  min. 

6  min. 

41  min. 

„    13 

4 

31 

' 

60  miu. 

20  rain. 

60  min. 

»    H 

43 

x^ 

34  miu. 

5  min. 

34  min. 

„    15 

A 

26 

Avcrag 

42  min. 

2  min. 

42  rain. 

luoafl 

e    62-7  min.^ 

62-7  min. 

Table  IV.  shows  that  even  small  doses  varying  from  j^  to  gflian  <^f 
the  weight  of  the  animal  quickly  pai'alyse,  for  on  the  average  of 
these  twelve  experiments  paralysis  was  complete  in  62  minutes.  We 
were  astonished  to  find  how  very  fatal  arsenious  acid  is  to  frogs,  for 
j^^(ny  of  the  weight  of  the  animal  produced  complete  paralysis  in 
lOB  min.,  and  gj^^p  killed  the  frog  on  the  third  day,  and  we  were 
likewise  astonished  to  find  how  far  more  poisonous  arsenious  acid  is 
than  arseniate  of  soda,  ^gr.  of  this  salt  requiring  11  hours  to  produce 
almost  complete  paralysis. 
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Table  IV. 

SohtUon  of  araenious  acid  |  per  cent,  dissolved  wkh  the  smallest  quantity 

possible  of  liquor  sodas. 


Date. 

Dose 

in 
grains. 

Weight  of 
animal  in 
grammes. 

Propor- 
tionate dose. 

Nov  10 

1 
100 

100 

2  00 

so<r 

200 

33 

21i 
26 

27 

25 

1 

Died  on  second  day 
Died  on  second  day 
Died  on  third  day 
Died  on  third  day 

10 

soooo 
1 

10 

33100 

99        Avr 

.     12 

S0288 

1 

12 

83374 

«       •'•-^ 

7T200 

This  general  paralysis  is  due  to  the  action  of  the  poison  on  the 
central  nervous  system,  for  after  complete  paralysis,  on  the  direct 
application  of  galvanism,  the  muscles  still  contract  and  the  motor 
nerves  still  conduct. 

We  are  now  in  a  position  to  attempt  to  answer  in  part  the  question 
we  put  at  the  beginning  of  this  paper — Does  arsenic  paralyse  simply 
by  arresting  the  heart  ? 

We  must  first  compare  the  times  respectively  when  paralysis  be- 
came complete  after  poisoning  by  arsenic,  and  by  mechanical  arrest 
of  the  circulation.  In  Table  II.  we  find  that  after  poisoning  by  arse- 
nic, paralysis  became  complete  on  an  average  in  40  minutes,  and  in  a 
subsequent  set  of  experiments,  where  a  smaller  dose  of  arsenic  was 
administered,  the  results  of  which  are  given  in  Table  III.,  paralysis 
became  complete  on  an  average  in  62  minutes.  These  experiment-s 
were  made  in  October  and  the  firat  half  of  November.  In  the  month 
of  October  mechanical  arrest  of  the  circulation,  as  we  have  shown  in  a 
previous  paper,  produces  complete  paralysis  in  the  average  time  of 
42  minutes.  With  regard  to  these  figures,  it  is  evident  that  arsenic 
may  indirectly  paralyse  the  central  nervous  system  by  its  paralysing 
action  on  the  heart,  for  mechanical  arrest  will  produce  complete  paraly- 
sis as  soon,  and  sometimes  sooner,  than  after  poisoning  by  arsenic. 

We  next  performed  the  following  experiments  to  attempt  to  decide 
this  question. 

We  poisoned  three  frogs  by  injecting  a  solution  of  arsenic  under  the 
skin  of  the  back.  Two  became  completely  paralysed  respectively  in 
56  and  60  minutes,  and  the  third  was  greatly  paralysed,  though  some 
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movement  continued,  in  60  minutes.  At  the  times  just  stated  we 
placed  the  web  under  the  microscope  and  found  the  circulation  com- 
pletely arrested  in  all  three  frogs,  and  on  opening  the  chest  the 
heart  was  found  motionless  and  widely  distended  with  blood.  These 
experiments  likewise  tend  to  show  that  the  general  paralysis  may  be 
due  to  arrest  of  the  heart. 

In  some  other  experiments,  however,  after  complete  paralysis  we 
found  the  heart  beating  well,  in  one  instance  at  30  per  minute.  Un- 
fortunately we  omitted  to  examine  the  circulation  in  the  web. 

As  after  the  general  paralysis  the  motor  nerves  conducted  impres- 
sions, and  caused  the  muscles  to  contract  vigorously,  it  is  obvious  that 
the  general  paralysis  is  due  to  the  condition  of  the  central  nervous 
system,  and  not  to  the  condition  of  the  nerves  and  muscles  ;  moreover, 
as  in  some  instances  after  general  paralysis,  the  heai*t  still  beat  fairly 
well,  we  conclude  that  arsenic  does  not  act  through  the  heart, 
but  is  a  direct  paralyser  of  the  central  nervous  system. 

How  are  we  to  explain  the  varying  eflfects  of  arsenic  on  the  heart  ? 
We  have  seen  that  in  some  cases  the  heart  is  speedily  arrested,  whilst 
in  others  it  continues  to  beat  after  complete  paralysis.  This  diflference 
is,  we  think,  due  to  the  dose.  A  large  dose  is  quickly  absorbed  and 
conveyed  in  large  quantity  to  the  heart,  arrests  it  at  once,  leaving 
very  little  to  be  distributed  through  the  circulation,  the  general  paraly- 
sis being  then  mainly  due  to  this  arrest  of  the  circulation.  In  other 
cases,  under  a  smaller  dose,  the  heart  is  not  so  quickly  stopped,  but 
enough  arsenic  is  distributed  by  the  circulation  to  paralyse  the  central 
nervous  system  before  the  heart 

We  shall  next  show  that  arsenic  is  both  a  muscle  and  a  nerve 
poison,  as  well  as  a  direct  paralyser  of  the  central  nervous  system. 

In  some  experiments  on  frogs  with  a  2  per  cent,  and  a  still  weaker 
solution  of  arsenious  acid,  dissolved  with  the  aid  of  a  small  quantity 
of  liquor  sodse,  we  noticed  some  curious  eflfects.  Even  so  early  as  six  or 
eight  hours  after  death  strong  rigor  mortis  set  in,  and  this  suggested 
the  idea  that  arsenic  is  a  muscle  as  well  as  a  nerve  poison,  and  to  test 
the  validity  of  this  conjecture  we  performed  the  following  experiment& 

We  poisoned  two  frogs  with  ^  and  ^  gr.  of  arsenious  acid,  in  a 
2  per  cent,  solution,  injected  under  the  skin  of  the  back,  close  to  the 
posterior  lymph-hearts.  A  summary  of  the  eflfects  is  given  in  Table 
III.  Nov.  10.  As  soon  as  the  two  animals  became  completely  para- 
lysed, we  divided  the  cord  of  another  frog,  opposite  the  occipito-atlantal 
membrane,  and  passed  the  blade  of  the  forceps  into  the  skull,  destroy- 


ACTION  OF  ARSENIC  OUT  FROGS.  221 

ing  the  brain.  The  wound  bled  freely,  and  we  took  no  steps  to  check 
the  hsemorrhage.  This  frog  we  used  as  a  standard  to  compare  the 
muscular  contractility  of  the  arsenicized  frogs. 

Seven  minutes  after  complete  paralysis  we  tested  the  muscles 
through  the  skin,  and  found  that  the  muscles  of  the  brainless  frog 
contracted  rather  better  than  those  of  the  arsenicized  frogs.  In  an  tour 
and  an  half  the  muscles  of  the  brainless  frog  contracted  decidedly  better 
than  the  muscles  of  the  arsenicized  frogs.  In  three  hours  and  a  half 
the  muscles  of  the  brainless  frog  still  contracted  energetically  with  a 
weak  current ;  whilst  the  strongest  current  excited  only  very  feeble  and 
scarcely  visible  contractions  in  the  arsenicized  frogs.  We  noticed  also 
in  the  arsenicized  frogs  that  the  weak  muscular  contraction  was  excited 
equally  with  a  comparatively  gentle  current  as  by  the  strongest  the 
batteiy  could  compass.  Next  morning,  eighteen  hours  after  complete 
paralysis,  we  found  the  arsenicized  frogs  quite  stiff;  whilst  very  good, 
though  relatively  weaker  reflex  action  continued  in  the  brainless  frog. 
The  strongest  current  failed  to  excite  any  muscular  contraction  in  the 
muscles  of  the  arsenicized  frogs,  whilst  a  weak  current  produced  strong 
muscular  contraction  on  direct  application  to  the  muscles  in  the  brain- 
less frog.  We  then  stripped  off  all  the  skin  from  the  arsenicized  frogs, 
and  during  this  process  we  noticed  the  curious  fact,  which  we  shall 
hereafter  refer  to,  that  the  cuticle  came  off  very  easily,  indeed  it  could 
be  rubbed  off.  Then  we  again  tested  the  muscles  of  the  anterior  and 
posterior  extremities,  and  failed  to  produce  the  slightest  contraction 
with  the  strongest  current  from  a  one-celled  du  Bois-Reymond  induc- 
tion coil. 

This  experiment  seemed  to  render  it  highly  probable  that  arse- 
nious  acid  is  a  muscle-poison,  though  it  must  be  admitted  the  com- 
parative experiment  with  the  brainless  frog  was  hardly  a  satisfactory 
test  to  determine  whether  arsenic  acts  directly  on  the  muscles  or  by 
arresting  the  heart ;  for  though  we  allowed  the  animal  to  bleed  freely 
from  the  wound  when  we  divided  the  cord,  we  did  not  cut  out  the 
heart,  and  so  though  but  little  blood  was  left  in  the  vessels,  probably 
this  little  circulated  and  supplied  the  tissues  with  oxygen.  We  there- 
fore performed  some  more  experiments  free  from  this  possible  fallacy. 

Each  morning  we  poisoned  a  frog  by  injecting  the  2  per  cent, 
solution  into  the  connective  tissue  of  the  axilla,  to  avoid  the  direct 
topical  action  on  the  hind  legs.  When  this  animal  became  completely 
paralysed  we  cut  the  cord  of  another  frog  opposite  the  occipito-atlantal 
membrane,  destroyed  the  brain,  and  then  extirpated  the  heart.    The 
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two  frogs  were  then  laid  side  by  side,  and  during  the  day  we  frequently 
tested  them  with  the  interrupted  current,  first  through  the  skin,  and  when 
this  failed  to  contract  the  muscles,  we  removed  the  skin,  and  applied 
the  electrodes  directly  to  the  muscles.     We  also  tested  the  nerves. 
We  give  the  results  of  our  experiments  in  Table  V. : 


Table  V.  Duration  of  muscular  contractility  after  poisoning 
with  arsenious  acid,  2  per  cent,  solution  dissolved  with  a 
small  quantity  of  liquor  sodse. 


Date. 

Weight 

of 

frog. 

Dose  of 

arsenic  in 

grains. 

Propor- 
tionate dose. 

Complete 
paralysis. 

Mnscnlar 

contractility 

ceased  in 

Nov.  10 
10 

33 

21 
31 
43 
26 

• 
1 

\* 

1 

¥ 

1 

1 

49  min. 
40  min. 
60  min. 
34  min. 
42  min. 

31  hoiUB* 
3i  hours* 
9^  hours 
5i  hours 
5|  hours 

6114 

„     13 
14 

810« 

1 

1 1 0  «  « 

16 

BSll 

99         XU 

10036 

Average, 

45  min. 

5*6  hours 

DiM'ation  of  musctda/r  cont/ractiLUy  in  hrairdeM  frogs  toUh  extirpated  heart 

25  hours 
48  hours 
29  hours 
15  hours 


Nov.  12 

„     13 

„     U 

„     15 

Average 


29  hours 


This  Table  (V.)  shows  that  in  frogs  poisoned  with  arsenious  acid, 
muscular  irritability  ceases  in  from  three  to  nine  hours,  whilst  the 
irritability  persists  in  brainless  frogs  with  extirpated  heart,  from  one  to 
two  days,  or  an  average  time  of  29  hours.  How  does  arsenic  arrest 
muscular  contraction  ?  Does  it  act  by  arresting  the  heart's  action  ? 
The  Table  shows  that  arsenic  does  not  paralyse  the  muscles  by 
arresting  the  heart :  for  if  arsenic  paralyses  the  muscles  only  through 
its  action  on  the  heart,  the  muscular  irritability  should  persist  as  long 
in  the  arsenicized  frogs  as  in  the  frogs  with  extirpated  heart.     The  loss 


*  Had  not  quite  ceased,  bat  the  strongest  current  of  a  one-celled  du  Bois-Beymond 
battery  excited  only  the  slightest  contraction. 
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of  muBCular  irritability,  therefore,  is  not  due  to  arrest  of  the  circulation, 
hut  to  the  direct  action  of  the  arsenic  on  the  muscles;  in  other  words, 
arsenic  is  a  muscle- poison. 

We  next  devised  another  set  of  experiments  further  to  test  the 
validity  of  our  conclusion,  that  orsenious  acid  is  a  muscle-poison.  We 
divided  the  cord  of  a  frog  opposite  the  occipito-atlantal  membrane,  and 
passed  a  wooden  peg  into  the  cavity  of  the  skull,  destroying  the  brain 
and  preventing  haemorrhage.  Now  we  tied  a  ligature  tightly  round 
the  left  thigh,  close  to  its  junction  with  the  trunk,  to  arrest  the  circu- 
lation, then  we  injected  the  araenious  acid  into  the  left  axilla,  and, 
from  time  to  time,  tested  the  muscular  irritability  of  the  ligatured  and 
the  non-ligatured  poisoned  legs,  and  in  Table  VI.  we  give  the  results. 


Table  VI.     Table  showing  the  duration  of  muscular  irritability 
in  a  poisoned  and  unpoisoned  leg  of  pithed  and  pegged  frogs. 


Date. 

DoBe  of 
gi&iiiB. 

Weight  of 
frog  ID 

Propor- 
tioDato 

Beflei  aoUon 
destroyed. 

irriUbiUtym 
poiaonod  leg 
ccoaedin 

Muscular 
irritability  in 
ligatured  aon- 
poisoued  leg 

ceased  in 

Nov.  15 

24 

, 

27  min. 

17  hours* 

43  houra 

„      15 

A 

1 

44  min. 

17  houra* 

41  hours 

„      16 

A 

27 

1 

50  mio, 

7  hours 

16  hours 

„      16 

21 

53  min. 

tfW 

38  raiu. 

9  hours 

40hoiu« 

»     17 

Ji 

35 

Average 

35  min. 

16  hours 

31  houra 

41  min. 

13  hours 

34  houra 

Here  we  see  that  the  muscles  of  the  poisoned  posterior  limb  lost 
their  irritability  in  an  average  time  of  13  hours,  whilst  in  the  limb 
tightly  ligatured  the  muscles  retained  their  contractility  an  avcn^ 
time  of  34  hours.  The  results  shown  in  this  Table  clearly  demonstrate 
that  arsenic  is  a  muscle-poison. 

It  is  worthy  of  notice,  that  after   complete   destruction  of  reflex 

*  An  intarral  of  eleven  honri,  namely  from  8.30  p.m.  to  T.SO  a.m.,  elapsed  between 
oni  obaervations ;  at  8.30  p.m.  the  muscles  contracted  well,  next  morning  at  T.SO  a.m. 
Eontr»ction  had  ceased  ithns  these  flgnreg  are  not  very  ooireot,  and  ptobab];  mnsenlM 
initsbilitT  iMted  a  shorter  tine  than  here  stated. 
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action,  the   muscular   irritability  continued   equally  manifest  in  both 
hind  legs  for  three  to  six  hours. 

Our  experiments,  moreover,  show  that  arsenious  acid  is  also  a  nerve 
poison.  In  several  previous  experiments  we  noticed  that  the  motor 
nerves  in  arsenicized  frogs  became  paralysed  many  hours  before  the 
motor  nerves  of  frogs  with  mechanical  arrest  of  the  circulation.  We 
determined,  however,  to  make  some  further  experiments  intended 
especially  to  ascertain  the  action  of  arsenious  acid  on  motor  nerves. 
We  poisoned  frogs,  by  injecting  a  2  per  cent,  solution  under  the  back, 
and  simultaneously  prepared  some  test-frogs,  by  dividing  the  cord  oppo- 
site the  occipito-atlantal  membrane,  and  then  cut  out  the  heart  to  arrest 
circulation.  Then  we  tested  the  sciatic  nerve  with  the  interrupted 
current  through  the  skin,  morning,  noon,  and  night. 

It  may  be  said  perhaps  that  we  should  not  have  tested  the  conductivity  of 
the  sciatic  nerve  through  the  skin,  that  we  should  have  exposed  it  and 
isolated  it  on  a  piece  of  glass.  Now  this  would  have  invalidated  our  experi- 
ment, for  hy  isolating  the  nerve  we  should  have  separated  it  from  the  tissues 
and  cut  off  the  blood-supply,  thus  preventing  the  poison  reaching  the  nerve 
either  through  the  circulation  or  by  imbibition.  Arsenic,  like  potash,  quickly 
paralyses  the  heart,  so  that  but  little  of  the  poison  reaches  the  tissues  through 
the  blood.  Its  paralysing  effects  are  due  to  its  diffusioQ  by  imbibition 
through  the  tissues,  isolation  therefore  would  have  prevented  the  play  of  the 
arsenic  on  the  nerve.  Moreover,  as  we  treated  the  test-frogs  in  the  same  way, 
our  experiments  are  so  far  trustworthy,  as  a  reference  will  show  that  on 
applying  the  electrodes  over  the  sciatic  of  arsenicized  frogs  the  nerve  ceased 
to  conduct  impressions  to  the  lower  leg  and  foot  muscles  sooner  than  in  the 
case  of  the  unpoisoned  test  frogs. 

Table  VII.  iexhibits  our  results. 

Although  we  poisoned  and  tested  six  frogs,  it  will  be  seen  that  only 
four  are  available  in  evidence.  In  two  experiments,  between  the  inter- 
val of  our  visits,  the  muscular  irritability,  on  the  direct  application  of 
the  electrodes,  had  ceased,  and  it  is  obvious  we  could  test  the  conduc- 
tivity of  the  sciatic  nerve  so  long  only  as  the  muscles  could  contract. 
In  the  four  remaining  experiments  we  found  that  the  sciatic  nerve 
ceased  to  conduct  several  hours  before  the  muscles  lost  their  contrac- 
tility. We  infer,  therefore,  that  in  these  instances  the  sciatics  were 
paralysed;  moreover,  on  comparing  the  time  it  took  to  paralyse  the 
sciatics  of  arsenicized  frogs  with  the  time  it  took  to  paralyse  the  sciatics 
of  test-frogs,  we  found  that  the  sciatic  nerves  of  arsenicized  frogs 
ceased  to  conduct  impressions  many  hours  before  the  same  nerves  in 
the  test-frogs.  Thus  in  the  arsenicized  frogs,  the  sciatics  became  para- 
lysed, respectively,  in  4,  4,  14,  and  10  hours,  giving  an  average  of 
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8  hours,  whilst  the  sciatics  of  the  test-frogs  with  arrested  circulation 
conducted  for  34  and  28  hours  respectively,  giving  an  average  of  31 
hours.  We  conclude,  therefore,  that  arsenic  is  a  paralyser  of  motor 
nerves. 

These  experiments  on  nerve  incidentally  confirm  oiu*  conclusion  that 
arsenic  is  a  muscle  poison,  as  the  following  averages  extracted  from  Tahle 
VIL  shows. 

Table  VIII  (Resume  of  Table).  The  average  duration  of  muscular 

contractility. 


Anterior  limb. 

Thigh. 

Lower  leg. 

Arsenicized  frogs 
TJnpoisoned  frogs 

6  hours 
31  hours 

7  hours 
29  hours 

10  hours 
47  hours 

On  the  strength  of  the  following  experiment  we  suggest  that 
arsenious  acid  is  also  a  poison  to  afferent  nerves. 

We  immersed  the  left  leg  of  a  frog,  for  two  minutes,  in  a  two  per 
cent,  solution  of  arsenic,  and  on  removing  it  we  found  sensation  abolish- 
ed, for  pinching  it  neither  excited  voluntary  nor  reflex  movement, 
whilst  the  animal  still  retained  complete  voluntary  power  over  the 
limb.  The  animal  continued  in  this  condition  an  hour  and  a  half.  On 
examining  it  in  five  hours  and  a  half,  we  found  it  completely  paralysed. 

The  muscles  became  paraljrsed  in  the  following  order  :  left  leg,  right  thigh 
and  back  in  nine  hours,  and  right  lower  1^  muscles  in  17  hours.  The  right 
sciatic  became  paralysed  in  12  hours.  It  is  evident  that  the  poison  did  not 
spread  by  means  of  the  circulation  but  passed  by  imbibition  up  the  lefl  im- 
mersed leg,  poisoning  next  the  muscles  of  the  back  and  light  thigh  with  the 
right  sciatic  nerve,  and  lastly  some  hours  afterwards  reaching  and  poisoning 
the  right  lower  leg  muscles.  This  experiment  also  shows  that  arsenious  acid 
is  a  nerve  poison,  for  the  right  sciatic  early  ceased  to  conduct  impressions  to 
the  lower  leg  muscles. 

As  in  this  experiment  the  local  application  of  an  arsenious  acid 
solution  destroyed  sensation  in  the  immersed  leg,  it  is,  we  suggest, 
at  least  feasible  that  when  conducted  to  the  sensory  nerves,  either  by 
the  circulation  or  by  imbibition,  the  poison  would  equally  destroy 
sensation. 

The  preceding  experiments,  we  venture  to  think,  clearly  establish 
that  arsenious  acid  is  a  protoplasmic  poison,  affecting  first  the  more 
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highly  organized  nervous  centres,  next  the  nerves,  and  last  the  muscles. 
The  evidence  tending  to  show  that  arsenious  acid  directly  paralyses  the 
central  nervous  system,  being  not  so  conclusive  as  we  could  wish,  we 
were  led,  through  a  suggestion  of  Dr  Burden  Sanderson,  to  perform 
another  set  of  experiments.  Arsenious  acid,  as  we  have  said,  quickly 
arrests  the  heart,  so  that  but  little  arsenious  acid  finds  its  way  through 
the  circulation.  We  therefore  injected  a  solution  into  the  vessels.  We 
first  divided  the  cord  and  passed  a  peg  through  the  wound  into  the 
cavity  of  the  skull ;  we  then  opened  the  chest  and  introduced  a  cannula 
into  the  bulb  of  the  aorta,  and  having  securely  tied  it,  we  injected  the 
solution,  containing  one  per  cent,  of  common  salt,  and  a  half  per  cent, 
of  arsenious  acid  dissolved  by  the  aid  of  a  very  small  quantity  of  liquor 
sodsa. 

At  the  same  time,  we  performed  some  test-experiments  to  ascertain 
the  effect  of  the  injection  of  a  one  per  cent,  solution  of  common  salt. 
These  firogs  were  in  all  other  respects  treated  like  the  arsenicized  firogs. 
The  results  are  shewn  in  Table  IX 


Table  IX.  Solution  of  Arsenious  Acid  injected  through  the  blood 

vessels. 


Keflex 
action 
oeased. 

Sciatic 

nerve 

paralysed. 

Mascnlar  irritability  ceased  in 

Strength 

Date. 

r 

Anterior 
limbs. 

Thigh. 

Lower  leg 
muscles. 

of 
solution. 

Mar.  6 

f9      7 

„    7 
„    9 

8  min. 
immediate- 
ly injection 

finished. 

99 

5  hours 

5  hours 
5  hoiu« 

5  hours 
5  hoiu^ 

5  hours 
5  hours 

5  hours 
5  hours 

5  hours 
5  hours 

10  hours 
5  hours 

\  p.  0. 

Teat  frogs  injected  vdth  solution  o/ common  acUt, 


Mar.  4 

„    7 

48  min. 
60  min. 

25  hours 
28  hours 

40  hours 
28  hours 

40  hours 
36  hours 

42  hours 
40  hours 

I  p.  c 

Average 

54  min. 

26*5  hours 

34  hours 

38  hours 

41  hoiurs 

. 

Now  these  experiments  confirm  our  previous  conclusions.  They 
show  that  arsenious  acid  directly  poisons  the  central  nervous  system, 
and  does  not  affect  it  only  by  arrestiug  the  heart.    Thus  in  the  firogs, 
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injected  with  common  salt,  whose  circulation  was  of  course  arrested 
when  we  divided  the  bulb  to  insert  the  cannula,  reflex  action  persisted 
for  48  and  60  minutes  respectively,  whilst  in  the  case  of  the  frogs 
whose  vessels  were  injected  with  the  arsenious  acid  solution,  the  reflex 
action  in  three  cases  was  destroyed  when  we  had  finished  the  injection, 
and  in  the  remaining  case  it  lasted  only  eight  minutea 

These,  like  some  of  the  previous  experiments,  show  that  arsenious 
acid  is  a  muscle-poison,  for  muscular  irritability  was  lost  in  the  arsenic- 
ized  frogs  in  five  hours,  whilst  it  persisted  in  the  frogs  injected  with 
common  salt  solution,  in  the  anterior  limbs  34  hours,  in  the  thighs 
38  hours,  and  in  the  lower  leg  muscles  41  hours. 

Whilst  our  experiments  show  that  arsenious  acid  is  a  poison  to  all 
nitrogenous  tissues,  they  fail  to  prove  whether  it  is  equally  poisonous 
to  all  tissues,  or  whether  it  manifests  an  especial  action  on  some,  as  on 
the  brain,  cord,  &c.,  or  even  on  parts  of  these.  Our  experiments  were 
not  designed,  and  do  not  help  us,  to  decide  these  points. 

How  does  arsenious  acid  destroy  the  vitality  of  nitrogenous  tissues? 
Does  it  kill  by  preventing  oxidation,  or  by  combining  with  the  tissues  ? 
Our  observations  do  not  enable  us  to  answer  this  question.  One  fact 
we  noticed  seems  to  suggest  that  it  destroys  in  neitlier  way.  Thus 
conductivity  of  the  motor  nerves  and  the  muscular  contractility  do  not 
cease  for  some  hours  after  poisoning  by  arsenious  acid.  In  our  early 
experiments,  in  which  we  administered  the  poison  hypodermically,  we 
thought  that  by  arresting  the  heart  quickly  the  poison  did  not  get 
diffused  by  means  of  the  circulation,  but  by  imbibition  through  the 
tissues.  This  slow  diffusion  of  the  poison  seems  to  explain  the  tardy 
action  on  the  nerves  and  muscles ;  but  this  solution  is  not  strictly  cor- 
rect, for  even  when  the  poison  was  injected  through  the  vessels,  yet 
paralysis  did  not  for  several  hours  set  in  in  the  nerves  and  muscles, 
though,  indeed,  sooner  than  in  frogs  poisoned  hypodermically.  We 
may  conclude,  therefore,  that  even  when  brought  into  immediate  con- 
tact with  the  tissues,  arsenic,  unless  in  a  very  concentrated  state, 
requires  some  hours  to  produce  paralysis.  Now,  if  arsenic  acted  solely 
by  arresting  oxidation,  or  by  combining  with  the  tissues,  we  should 
expect  it  to  produce  its  effects  much  earlier. 

We  may  draw  attention  to  a  curious  effect  of  arsenious  acid  on  the 
skin  of  frogs.  We  have  said  that  in  our  experiments  we  noticed  that 
a  few  hours  after  the  hypodermic  injection  we  could  strip  off  the  cuticle 
with  the  greatest  readiness  over  every  part  of  the  body.  We  give  in 
the  following  Table  the  results  of  our  observations.    We  tied  a  tight 
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ligature  round  one  hind  leg  of  some  of  the  frogs  to  protect  the  tissues 
below  from  the  effect  of  the  poison. 


Table  X.    Action  of  Arsenious  Acid  on  the  Cuticle. 


Date. 

Propor- 
tional dose. 

Begun. 

Begun. 

Nov.  13 
»     H 

„     15 

1 

9  hoiu^ 
5^  hours 
42  min. 

llOSA 

„     15 

»     15 
16 

1 

1 

Begun  in 

non-Ugatured 

leg. 

12  hours 

12  hours 

5|  hours 

9  hours 

5  hours 

Begun  in 

ligatured 

leg. 

None  in  24 

hours 

25  hours 

None 

None 

None 

Begun 

on 

trunk. 

3^  hours 

3^  hours 

b\  hours 

9  hours 

5j^  hours 

„     16 

„    17 

10422 
'6  8  83 

Average 

8-7  hours 

5*4  hours 

Table  X.  shows  that  desquamation  begins  on  the  trunk  on  an 
average  in  five  and  a  half  hours,  in  the  leg  on  an  average  in  eight  and  a 
half  hours.  That  the  desquamation  is  due  to  the  arsenious  acid  is  well 
shown  by  the  absence  of  desquamation  in  the  limb  surrounded  by  a 
tight  ligature.  Moreover,  that  the  desquamation  depends  on  the 
arsenious  acid  is  well  shown  also  by  the  experiments  recorded  in 
Table  XI.  In  these  experiments  we  kiUed  the  frogs  by  dividing  the 
cord  and  cutting  out  the  heart,  and  then  watched  carefully  for  several 
days  without  detecting  any  desquamation. 

Is  this  desquamation  a  peculiar  result  of  arsenious  acid,  or  does  it 
follow  the  hypodermic  injection  of  other  poisons  ?  We  tested  chloride 
of  potassium,  aconitia,  extract  of  duboisia,  and  acetate  of  strychnia. 
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Table  XI.    Desquamation  in  dead  but  unpoisoned  frogs. 


Date. 

None  in 

Nov.  30 

72  hours 

„     30 

72  hours 

Dec.  1 

58  hours 

,.     1 

58  hours 

„     3 

48  hours 

»     3 

48  hours 

„     8 

84  hours 

„     8 

84  hours 

Table  XII.  shows  the  effect  of  chloride  of  potassium. 


Table  XII.    Desquamation. 

Chloride  of  Potctadum  1  in  5. 


Date. 

Cntide  stnps 
off  at  place  of 

No  general 
deaqnamation 

Desquamation 

in 

injection. 

took  place  during 

m 

Nov.  20 

24  hours 

«     21 

53  hours 

»     21 

53  hours 

„     21 

48  hours 

„     22 

30  hours 

48  hours 

„     23 

24  hours 

„     23 

72  hours 

72  hours 

..     24 

24  hours 

48  hours 

^ 

„     24 

24  hours 

48  hours 

»     24 

24  hours 

48  hours 

..     24 

24  hours 

48  hours 

,,     24 

24  hours 

48  hours 

»     26 

34  hours 

34  hours 

• 

„     26 

24  hours 

24  hours 

„     26 

48  hours 

„     27 

24  hours 

„     30 

24  hours 

„     30 

24  hours 

„     30 

24  hours 

„     80 

24  hours 

Dea     1 

48  hours 

„       3 

48  hours 

„       3 

> 

4d  hours 
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From  this  Table  it  appears  that  in  about  24  hoars  desquamation 
occurs  at  the  place  of  injection,  but  none  elsewhere. 

The  other  poisons  produced  no  desquamation  as  Table  XIIL  shows. 

Table  XIII.    Progs  poisoned  with  Aconitia. 


Date. 

No 

desquamation 

in 

Deo.  8 
„    8 
„    8 
,.    8 

48  hours 
48  hours 
48  hours 
48  hours 

Extraci  of  Dvhcisia. 

Jan.  3 
„     9 

40  hours 
24  hours 

AcekUe  of 

Strychnia. 

Jan.  8 
„     8 

38  hours 
38  hours 

SUMMARY. 

1.  Arsenious  acid  is  a  poison  to  all  nitrogenous  tissues. 

2.  Whether  it  is  equally  poisonous  to  all  nitrogenous  tissues,  or 
is  especially  poisonous  to  some  structures,  our  experiments  do  not 
decide. 

3.  Whilst  it  rq,pidly  paralyses  the  central  nervous  system,  it 
requires  some  hours  to  destroy  the  conductivity  of  the  motor  nerves  and 
muscular  irritability. 

4.  It  causes  in  a  few  hours  separation  of  the  cuticle  of  the  whole 
body. 
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CONCERNING  THE  ACTION  OF  ACONITIA  ON  THE 
NERVOUS  AND  MUSCULAR  SYSTEM  OF  FROGS. 
By  SYDNEY  RINGER,  M.D.,  Professor  of  Medicine  at  Uni- 
versUy  College,  cmd  WILLIAM  MURRELL,  M.RaP.,  Assistant 
Physician  to  tJie  Royal  Hospital  for  Diseases  of  the  Chest,  and  Lecturer 
on  Practical  Physiology  xU  the  Westminster  School  of  Medicine, 

Liegeois  and  Hottot  {Journal  de  Phys.,  1861)  find  that  frogs 
poisoned  with  aconitia  lose  sensation  whilst  voluntary  and  reflex  action 
remain,  and  reflex  action  itself  ceases  whilst  the  animal  still  retains 
voluntary  power.  As  mechanical  arrest  of  the  circulation  destroys 
sensation  before  voluntary  power,  and  as  aconitia  is  a  powerful  heart 
poison,  it  occurred  to  us  that  perhaps  aconitia  might  paralyse  by 
arresting  the  heart.  The  following  experiments  however  disprove  this 
surmise,  for  general  and  complete  paralysis  ensue  far  quicker  after 
aconitia  poisoning  than  after  mechanical  arrest  of  the  circulation  by 
ligature  or  extirpation  of  the  heart. 

We  found,  moreover,  that  the  motor  nerves  and  muscles  became 
much  sooner  paralysed  after  poisoning  by  aconitia  than  after  mechani- 
cal arrest  of  the  circulation.  As  aconitia  also  paralyses  the  sensory 
nerves,  we  conclude  that,  like  potash  salts  and  arsenious  acid,  aconitia 
paralyses  all  nitrogenous  tissues,  and  is  a  protoplasmic  poison. 

We  used  solutions  of  diflferent  strengths,  namely,  1,  J,  J,  and  -^  per 
cent.  In  the  accompanying  Tables  we  have  always  noted  which  prepa- 
ration was  used.  The  solution,  even  the  weakest,  had  a  slight  irritating 
action.  It  was  always  administered  under  the  skin  of  the  back.  We 
then  watched  the  animals  till  they  became  completely  paralysed,  and 
subsequently,  morning,  noon,  and  night,  tested  the  conductibility  of  the 
sciatic  nerve  and  the  irritability  of  the  muscles  with  a  du  Bois  induc- 
tion coil  and  a  one-celled  Daniells'  battery. 

In  the  first  series  we  performed  a  comparative  test  experiment. 
Thus  we  simultaneously  poisoned  one  frog,  and  pithed  and  pegged 
another,  and  cut  out  its  heart,  thus  testing  the  efiect  of  arrest  of  circu- 
lation on  the  nervous  and  muscular  tissues,  so  that  we  could  compare 
the  eflFect  with  that  of  aconitia  on  the  various  structures,  and  thus 
ascertain  whether  aconitia  acts  simply  by  arresting  the  circulation. 
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We  now  give  a  short  general  account  of  the  effect  of  the  injection. 
Immediately  after  the  injection  with  the  stronger  solutions  the  animal 
suffered  from  slight  shock,  and  lay  quite  quiet :  in  a  few  seconds  or 
minutes  this  condition  passed  away,  and  the  animal  hopped  about  very 
actively,  probably  from  a  slight  irritation  due  to  the  injected  fluid,  till  it 
became  paralysed.  The  frogs  became  very  frothy,  especially  those 
which  moved  always  most  actively.  The  froth  was  often  so  abundant 
that  the  frogs  lay  imbedded  in  it.  Never  have  we  seen  an  approach 
to  this  profuse  frothing  after  poisoning  by  any  other  substance. 

Soon  after  the  injection,  we  noticed,  in  some  frogs,  a  good  deal  of 
quivering  of  the  thigh  and  calf  muscles,  which  lasted  only  a  few 
minutes,  disappearing  before  the  cessation  of  voluntary  movement. 

In  Table  I.  we  give  the  results  of  these  experiments. 

We  shall  speak  of  the  action  of  aconitia,  first  on  the  cord  and  brain, 
next  on  the  motor  nerves,  and  lastly,  on  the  muscles. 

Since  after  complete  paralysis,  the  motor  nerves  still  readily  conduct 
impressions  and  the  muscles  contract  on  galvanic  stimulation,  it  is  evi- 
dent that  the  paralysis  depends  on  the  influence  of  the  aconitia  on  the 
central  nervous  system.  This  paralysis  of  the  cord  and  brain,  is  it  due 
to  the  direct  influence  of  the  aconitia  on  these  structures  ?  Or  does 
aconitia  act  on  cord  and  brain  solely  by  arresting  the  heart,  and  thus 
stopping  the  circulation  1  The  aconitia  certainly  did  not  paralyse  these 
structures  simply  by  arresting  the  circulation :  thus  in  eight  experi- 
ments it  produced  complete  paralysis  on  an  average  in  20  minutes, 
whilst  arrest  of  the  circulation  we  found,  as  shewn  in  Table  II.,  required 
a  much  longer  interval  to  establish  the  condition. 

Table  II. 


Pate. 

Paralysis 
oompletein 

Nov.  29 
,,  30 
„     30 

Dea  1 

„     1 

53  minutes 
100  minutes 
102  minutes 
100  minutes 

74  minutes 

Average 

86  minutes 

Thus  it  appears  that  simple  arrest  of  the  circulation  at  the  same 
time  of  year  paralyses  the  central  nervous  system  in  an  average  time 
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of  86  minutes,  whilst  aconitia  paralyses  four  times  quicker.  We  there- 
fore are  justified  in  concluding  that  aconitia  does  not  paralyse  the 
central  nervous  system  by  arresting  the  circulation,  but  by  its  direct 
action  on  the  tissues. 

Is  the  paralysis  of  the  motor  nerves  and  the  muscles  due  to  the 
direct  action  of  aconitia,  or  to  its  arrest  of  the  circulation  by  paralysing 
the  heart?  To  test  this,  as  we  have  already  explained,  we  simul- 
taneously poisoned  a  frog  with  aconitia,  and  cut  out  the  heart  in  a 
pithed  and  pegged  test  frog;  then  we  tested  three  times  daily  the 
nerves  and  muscles  of  each  frog,  and  we  found  that  the  conductivity  of 
the  motor  nerves  and  the  muscular  irritability  ceased  much  sooner 
under  the  poison  than  under  mechanically  arrested  circulation. 

We  shall  refer  first  to  the  motor  nerves,  and  give  the  averages  from 
Table  I. 

Average  duration  of  conductivity  of  sciatic  nerve  in 

arrest  of  circulation  r 60  hours. 

Average  duration  of  conductivity  of  sciatic  nerve  in 

poisoning  by  aconitia 8  hour& 

These  results  clearly  show  that  aconitia  does  not  paralyse  the  motor 
nerves  simply  by  arresting  the  circulation. 

We  shfidl  now  show  by  the  following  averages  that  aconitia  does  not 
paralyse  the  muscles  simply  by  arresting  the  hearty  and  must  therefore 
exert  a  direct  action  on  the  muscles. 

Average  duration  of  muscular  irritability  of  anterior 

limbs  in  frogs  poisoned  by  aconitia 17  hours. 

Average  duration  of  muscular  irritability  of  anterior 

limbs  in  frogs  with  arrest  of  circulation 50  hours. 

Average  duration  of  muscular  irritability  of  thighs  in 

frogs  poisoned  by  aconitia 13  hours. 

Average  duration  of  muscular  irritability  of  thighs  in 

frogs  with  arrest  of  circulation 70  hours. 

Average  duration  of  muscular  irritability  of  lower  leg 

in  frogs  poisoned  by  aconitia 19  hours. 

Average  duration  of  muscular  irritability  of  lower  leg 

in  frogs  with  arrest  of  circulation    83  hours. 

It  thus  appears  that  after  simple  arrest  of  the  circulation  by  extir- 
pation of  the  heart,  muscular  irritability  continues  from  three  to  five 
times  longer  than  after  poisoning  by  aconitia. 
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We  next  tested  the  influence  of  aconitia  on  muscular  irritability  in 
a  different  way.  Before  injecting  the  poison  we  tied  a  ligature  tightly 
round  the  thigh  of  the  left  leg  close  to  the  trunk.  By  this  means  we 
effectually  protected  the  left  leg  from  poisoning  either  through  the  cir- 
culation or  by  imbibition,  and  we  then  tested  the  muscular  irritability 
in  each  calf,  and  give  the  results  in  Table  III. : 

These  tables  also  plainly  show  the  paralysing  action  of  aconitia  on 
muscles.     Thus  muscular  irritability  on  an  average  ceased  in  the 

Anterior  limbs 10  hours. 

Thighs.... 14  hours. 

Right  poisoned  lower  leg 34  hours. 

Left  ligatured  unpoisoned  lower  leg . . .  77  hours. 

This  Table  shows  that  muscular  irritability  persisted  in  the  un- 
poisoned muscles  seven  times  longer  than  in  the  anterior  limbs,  five 
times  longer  than  in  the  thigh,  and  rather  more  than  twice  as  long  as 
in  the  corresponding  poisoned  muscles  of  the  fellow  lower  leg. 

Aconitia  paralyses  sensory  nerves  also,  at  least  so  we  conclude  from 
the  following  experiment.  On  painting  the  left  leg  with  a  solution  of 
aconitia  the  afferent  nerves  became  completely  paralysed,  so  that  strong 
pinching  of  this  leg  neither  excited  voluntary  nor  reflex  action,  while 
voluntary  power  remained  good. 

Aconitia,  then,  paralyses  the  nervous  centres,  the  motor  and  sensory 
nerves,  and  the  muscles;  and  we  think  we  may  fairly  conclude  that  it 
paralyses  probably  all  nitrogenous  tissues.  This  effect,  we  have  shown, 
is  not  due  to  the  paralysing  action  of  aconitia  on  the  heart.  Aconitia 
therefore  must  act  directly  on  the  tissues;  though  whether  it  arrests 
their  functions  by  combining  with  the  tissues,  or  simply  by  arresting 
oxidation,  these  experiments  do  not  conclusively  establish;  but  they 
strongly  suggest  that  it  is  by  combination  with  the  tissues,  and  not 
simply  by  arresting  oxidation. 

Does  aconitia,  like  chloride  of  potassium,  affect  all  the  tissues  in  an 
equal  degree,  or  has  it  an  especial  action  on  certain  tissues?  If  it 
manifest  the  same  affinity  for  all  tissues,  then  their  functional  activity 
should  cease  in  the  order  of  their  activity,  and  the  phenomena  should 
be  of  the  same  kind  and  occur  in  the -same  gradation  as  after  simple 
arrest  of  the  circulation  by  extirpation  of  the  heart.  This,  however, 
does  not  happen,  for,  after  arrest  of  the  circulation,  we  find  in  October, 
and  therefore  probably  in  all  the  winter  months,  that  sensation  con- 
tinues  as   long,   or  almost  as   long,  as  voluntary  power;   but  after 
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poisoning  by  aconitia,  even  in  the  winter  months,  sensation  is  speedily 
abolished.  Thus,  in  these  experiments,  sensation  was  destroyed  on  an 
average  in  4  minutes,  whilst  voluntary  power  continued  20  minutes. 
We  must  conclude  therefore  that  aconitia  has  an  especial  action  on 
some  portion  of  the  sensory  apparatus.  Does  it  act  on  the  afferent 
nerves,  the  sensory  tract  of  the  cord,  or  on  the  sensory  perceptive 
centre  of  the  brain  ? 

According  to  Liegois  and  Hottot  aconitia  first  paralyses  the  sen- 
sory perceptive  centre,  and  then  the  sensory  nerves.  They  base  this 
conclusion,  as  we  believe,  on  untrustworthy  experiments,  as  we  shall 
now  attempt  to  show. 

They  find  that  at  a  certain  stage  of  the  poisoning,  sensation  is  abo- 
lished, but  voluntary  and  reflex  action  remain :  for  an  impression  on 
the  skin  is  conveyed  to  the  cord,  and  being  reflected,  produces  a  reflex 
act,  which  is  not  perceived  by  the  brain,  and  consequently  does  not 
excite  voluntary  movement.  In  fact,  at  this  stage,  the  afferent  nerves, 
as  well  as  the  sensory  and  reflex  portion  of  the  cord,  are  unaffected, 
and  the  sensory  perceptive  centre  only  is  paralysed.  Now,  in  our  ex- 
periments, though  we  watched  for  this  peculiar  combination,  we  never 
witnessed  it.  In  all  the  experiments  much  voluntary  power  remained 
after  complete  loss  of  sensation;  but,  in  every  instance,  when  sen- 
sation was  destroyed,  reflex  action  was  also  abolished. 

Again,  they  state  that  before  poisoning  the  animal,  when  they 
ligatured  the  aorta  close  to  its  abdominal  bifurcation  with  the  inten- 
tion of  cutting  off  the  poison  firom  the  posterior  extremities,  this  pro- 
cedure failed  to  prevent  the  development  of  anaesthesia ;  and  further, 
that  on  tying  the  artery  nearer  its  origin  so  as  to  shut  off  the  circu- 
lation from  the  cord  and  spinal  nerves,  yet  so  as  to  allow  it  to  reach 
the  brain,  then  the  poison  produced  loss  of  sensation  as  quickly  as  in 
poisoned  frogs  with  unligatured  vessels. 

These  refined  experiments,  we  venture  to  think,  are  untrustworthy. 
In  the  chapter  on  chloride  of  potassium,  we  have  shown  how  readily 
this  substance  diffuses  itself  even  in  a  frog  whose  heart  is  cut  out 
before  the  poisoning;  so  with  regard  to  aconitia  one  would  suspect 
that  it  too  could  diffuse  itself  through  the  tissues  independently  of 
the  circulation,  and  therefore  in  spite  of  the  ligature  of  the  vessels. 

To  test  whether  aconitia  can  diffuse  itself  through  the  tissues 
irrespective  of  the  circulatiou,  we  performed  the  following  experiments 
on  three  frogs.  We  made  a  small  incision  through  the  thorax  and  cut 
the  heart  in  half  (subsequently  verifying  the  operation  by  a  post  mortem). 
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thus  of  course  completely  arresting  the  circulation.  Into  two  Crogs, 
weighing  respectively  23  and  35  grammes,  we  injected  ^  grain  of  aco- 
nitia  (solution  1  in  100)  under  the  skin  of  the  back ;  the  tliird  we  left 
unpoisoned  to  serve  as  a  test  frog. 

The  poisoned  frogs  completely  lost  sensation  in  two  minutes^  and 
in  29  and  24  minutes  respectively  paralysis  was  complete,  whilst  in  the 
unpoisoned  frog,  at  the  end  of  an  hour,  sensation  still  continued  in 
eveiy  part  of  the  animal  and  voluntary  power  was  good  though  some- 
what weakened.  Now  these  experiments  clearly  show  how  readily 
aoonitia  can  diffuse  itself  and  reach  the  central  nervous  system,  without 
the  help  of  the  circulation. 

Of  course  it  is  not  here  maintained  that  ligature  of  the  vessels  supplying 
a  limb  does  not  afford  any  protection,  especially  when  only  a  small  dose  of  a 
poison  is  administered,  for  numerous  observers  have  witnessed  the  oontraiy. 
But  these  experiments  clearly  indicate  how  readily  some  poisons,  especially 
when  given  in  large  doses,  can  diffuse  themselves. 

Nevertheless,  whilst  we  think  Liegois  and  Hottot's  experiments 
are  open  to  objection,  we  think  probably  their  conclusion  that  aconitia 
abolishes  sensation  by  its  influence  on  the  brain  is  correct,  and  we  shall, 
we  hope,  also  show  that  the  early  loss  of  reflex  action  is  likewise 
due  to  the  effect  of  aconitia  on  the  brain.  For  in  unmutilated  frogs, 
aconitia  speedily  abolishes  sensation  and  reflex  action,  whilst  much 
voluntary  power  remains  for  some  time  afterwards.  In  brainless  frogs 
aconitia  paralyses  reflex  action  much  more  slowly,  as  Table  lY.  shows. 

Table  IV.    Action  of  Aconitia  on  Pithed  and  Pegged  Progs*. 


Date, 
1877. 

Dose  in 
grains. 

Weight  of 

frog  in 
grammes. 

Propor- 
tionate dose. 

Eeflez  action 

completely 

paralysed  in 

Dec  17 

30  ir 

300 
300 

20 
28 
20 

1 

44  min. 
27min. 
48  min« 

Solution  1  in  300 

17 

9S610 
1 

»    17 

180200 

9>                      99 

02640 

Average 

99                      » 

39-7 

From  these  three  experiments  it  appears  that  in  brainless  frogs 
aconitia  destroy  reflex  action  in  about  40  minutes,  whilst  our  previous 
experiments  show  that  in  unmutilated  animals  it  destroys  reflex  action 

*  Le.  Frogs  with  the  spinal  oord  divided  opposite  the  occipito-atlantal  membrane  and 
a  peg  of  wood  thrust  into  the  cavity  of  the  sknll. 
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in  about  4  minutes.  It  is  obvious  therefore  that  aconitia  soon  destroys 
reflex  action  through  its  influence  on  the  brain.  These  experiments 
show  too  that  aconitia  does  not  paralyse  the  sensory  nSrves  at  an  early 
stage,  nor  the  sensory  tracts  of  the  cord,  for  in  brainless  frogs  these 
parts,  though  of  course  subjected  to  the  action  of  the  poison,  still  con- 
ducted impressions  to  the  reflex  portion  of  the  cord ;  and  hence  we 
think  it  highly  probable,  that  the  early  loss  of  sensation  as  well  as 
of  reflex  action  in  untnutilated  frogs  must  be  due  to  the  action  of 
aconitia  on  the  brain. 

We  can  now  answer  the  question  we  put  to  ourselves  at  an  earlier 
part  of  this  paper.  Has  aconitia,  like  chloride  of  potassium,  an  equal 
action  on  all  the  tissues?  or  does  it  affect  some  in  a  greater  degree 
than  others  ?  Now  we  have  seen  that  aconitia  early  destroys  sensation, 
through  its  influence  on  the  brain ;  early  loss  of  sensation  occurs  after 
mechanical  arrest  of  the  circulation  in  the  summer  months,  but  not 
in  winter;  hence  the  early  loss  of  sensation  after  aconitia  poisoning 
in  the  winter  months  cannot  be  due  to  the  powerful  action  of  the 
poison  on  the  heart  And  we  must  conclude,  we  think,  that  probably 
aconitia  has  an  especial  action  on  the  sensory  perceptive  centre.  There 
are  many  experiments  by  other  observers  showing  that  aconitia  has 
an  especial  action  on  the  sensory  nerves,  and  its  topical  application 
in  man  also  shows  this.  Again  we  must  admit  that  aconitia  has  an 
especial  action  on  the  heart.  Hence  we  conclude  that  whilst  aconitia 
is  a  poison  to  all  tissues  it  is  especially  poisonous  to  some.  Now 
this  fact  enables  us  to  answer  the  question, — ^Does  aconitia  paralyse 
by  combining  with  nitrogenous  tissues  or  by  arresting  oxidation?  If 
it  acted  by  arresting  oxidation,  then  the  order  of  paralysis  should  be 
the  same  as  after  simple  arrest  of  the  circulation,  and  sensation  should 
not  be  destroyed  early  in  the  winter  months ;  this  we  have  seen  is  not 
the  case,  but  aconitia  having  an  especial  action  on  the  sensory  part  of 
the  brain  and  the  heart,  and  therefore  an  affinity  for  these  structures, 
we  are  therefore  led  to  conclude  that  aconitia  probably  acts  not  by 
arresting  oxidation,  but  by  an  affinity  for  all  nitrogenous  tissues,  es- 
pecially for  the  sensory  centre  of  the  brain  and  the  heart. 

How  does  aconitia  affect  the  heart?  Bohm  and  Wartmann  flod 
that  it  first  depresses  and  then  paralyses  the  vagi,  and  that  with  com- 
plete paralysis  the  muscular  irritability  of  the  heart  is  destroyed.  The 
preceding  experiments  lead  us  to  suggest  that,  being  a  protoplasmic 
poison,  aconitia  not  only  paralyses  the  vagi  and  the  muscular  tissue, 
but  likewise  all  the  nervous  structures  connected  with  the  heart. 


THE   ACTION    OF    TARTAR    EMETIC,    HYDROCYANIC 
ACID    AND    VERATRIA    ON    THE    ANIMAL    BODY. 

By  SYDNEY  RINGER,  M.D.,  Professor  of  Medicine  at  University 
College,  and  WILLIAM  MURRELL,  M.R.C.R,  Assistant  Phy- 
sician to  the  Royal  Hospital  for  Diseases  of  the  Chesty  and  Lecturer  on 
Practical  Physiology  at  the  Westminster  School  of  Medicine. 

Havinq  shown  that  potash  salts,  arsenious  acid,  and  aconitia  are 
powerful  protoplasmic  poisons,  destroying  function  in  nitrogenous  tis- 
sues, it  occurred  to  us  that  perhaps  all  poisons  might  prove  to  be 
protoplasmic  poisons,  but  that  some,  whilst  highly  destructive  to  the 
functions  of  certain  tissues,  might  be  only  in  a  slight  degree  destructive 
to  the  functions  of  other  tissues.  In  this  paper  we  proceed  to  follow  out 
this  supposition,  and  we  commence  with  tartar  emetic. 

In  the  present  series  of  experiments,  as  in  our  previous  series,  we 
injected  the  poison  under  the  skin  of  the  frog*s  back.  To  ascertain 
whether  tartar  emetic  aflfects  the  tissues  directly,  or  only  by  arresting 
the  heart,  we  prepared  some  test  frogs,  by  making  an  incision  through 
the  heart  and  so  arresting  the  circulation. 

Then  we  tested  the  conductivity  of  the  motor  nerves  and  the 
muscular  irritability  by  a  one-celled  du  Bois-Reymond  induction 
coil. 

The  results  are  shown  in  Table  I. 

In  these  two  experiments  the  frogs  became  completely  paralysed 
in  114  and  113  minutes  respectively.  As  after  complete  paralysis  the 
motor  nerves  readily  conducted  impressions  to  the  muscles  and  the 
muscles  contracted  energetically  on  the  direct  application  of  the  elec- 
trodes, it  is  evident  that  the  general  paralysis  depended  on  paralysis 
of  the  central  nervous  system. 

Is  this  paralysis  of  the  central  nervous  system  due  to  the  direct 
action  of  the  tartar  emetic,  or  does  it  depend  on  arrest  of  the  heart  ? 
The  paralysis  is  clearly  due  to  the  direct  action  of  the  poison  on  the 
central  nervous  system,  for  in  one  frog  the  heart  beat  visibly  through 
the  abdominal  walls  till  twenty  minutes  before  complete  paralysis; 
and  in  the  second  frog,  after  complete  paralysis,  the  heart  beat  freely 
at  twenty  per  minute.    Now  in  the  two  test  frogs,  with  mechai^ical 
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arrest  of  the  circulation,  paralysis  was  not  complete  till  76  and  75 
minutes  respectively.  Tartar  emetic  is  therefore  a  paralyser  of  the 
central  nervous  system. 

Tartar  emetic  is  also  a  direct  paralyser  of  the  motor  nerves;  for 
the  sciatic  nerve  of  the  frogs  treated  with  tartar  emetic  ceased  to  con- 
duct impressions  much  earlier  than  the  sciatic  nerve  of  frogs  with 
mechanical  arrest  of  the  circulation,  as  the  following  averages  taken 
from  the  preceding  Table  show.    Sciatic  nerve  ceased  to  conduct  in 

Frogs  poisoned  with  tartar  emetic 7  hours. 

Frogs  with  mechanical  arrest  of  the  circulation 22  hours. 

We  shall  now  show  that  tartar  emetic  is  a  muscle  poison.  We 
injected  the  solution  imder  the  back  of  a  frog,  and  at  the  same  time 
we  prepared  a  test  frog  by  dividing  the  heart  and  so  arresting  the 
circulation.  The  following  averages  (Tables  III.  and  IV.)  which  we 
take  from  Tables  I.  and  II.  show  that  muscular  contractility  ceased 
much  sooner  in  the  frogs  treated  with  tartar  emetic  than  in  the  frogs 
with  mechanical  arrest  of  the  circulation,  proving  that  tartar  emetic 
is  a  direct  muscle  poison  and  that  it  does  not  destroy  contractility  by 
arrest  of  the  heart. 


Table  III. 

Resume  of  Table  I. 

Masonlar  irritability 
ceased  in 

Frogs  poisoned 

Frogs  with 

mechanical  arrest 

of  circulation. 

Anterior  limbs 

Back 

Thighs 

Lower  leg  muscles 

5*5  hours 

5*5  hours 

7  hours 

10  hours 

18*5  hours 

26*5  hours 

27  hours 

27  hours 

Table  IV. 

Resume  of  Table  II. 

Moscnlar  irritability 
ceased  in 

Frogs  poisoned 
with  tartar  emetic. 

Frogs  with 

mechanical  arrest 

of  circulation. 

Anterior  limbs 

Back 

Thighs 

Lower  leg  muscles 

14*5  hours 
16  hours 
21  houra 
23  hours 

75  hours 
51  hours 
74  hours 
97  hours 
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Tartar  emetic  is  a  poison  not  only  to  voluntary  muscular  tissue, 
but  like  aconitia,  when  administered  hypodermically,  it  is  a  poison  also 
to  the  muscular  substance  of  the  heart  and  destroys  its  contractility. 

Tartar  emetic  paralyses  sensation ;  through  what  part  of  the  sensory 
apparatus  is  uncertain,  though  Badziejewski  believes  it  affects  the 
sensory  part  of  the  cord. 

The  topical  application  to  the  skin  of  the  frog  does  not  seem  to 
affect  sensation,  so  at  least  we  conclude  from  two  experiments.  We 
immersed  the  left  leg  of  a  frog  two  minutes  and  the  same  limb  of 
a  second  frog  five  minutes  in  a  solution  (1  in  20)  of  tartar  emetic, 
apparently  without  affecting  sensation,  or  only  in  so  slight  a  degree 
that  it  was  difficult  to  make  sure  there  was  any  loss  of  sensation. 

We  have  thus  shown  that  tartar  emetic  paralyses  the  central 
nervous  system,  the  motor  nerves,  the  muscles,  and  destroys  sensation, 
and  therefore  we  are  led  to  conclude  that  probably  tartar  emetic  is  a 
protoplasmic  poison,  destroying  function  in  all  nitrogenous  tissue. 
Our  experiments,  however,  fail  to  show  whether  it  manifests  for  all 
nitrogenous  tissues  an  equal  affinity,  or  whether  it  has  a  special  action 
on  some. 

We  suggest  that,  as  in  the  case  of  potash  salts,  arsenious  acid, 
and  aconitia,  tartar  emetic  weakens  or  paralyses  the  heart,  through  its 
action  on  all  the  tissues,  ganglia,  nerves,  and  muscular  substance. 

We  noticed  a  peculiar  effect  of  tartar  emetic  on  the  skin.  In  a 
few  hours  the  cuticle  of  a  poisoned  frog  became  softened  and  reduced 
to  a  jelly-like  condition,  too  soft  to  be  stripped  off,  though  it  could 
be  easily  scraped  off  every  part  of  the  body.  Even  small  doses  soon 
produce  this  remarkable  effect,  for  in  one  experiment  the  skin,  after 
a  small  dose,  became  in  this  condition  even  whilst  the  animal  could 
still  crawl  pretty  well. 

Kolliker's  experiments  show  that  hydrocyanic  acid  is  a  powerful 
protoplasmic  poison,  destructive  to  the  function  of  all  nitrogenous 
tissue.  He  finds*  that  after  poisoning  with  prussic  acid,  the  nerves 
no  longer  conduct  impressions  and  the  muscles  no  longer  respond  to 
the  application  of  the  electrodes.  The  sensory  nerves  are  also  para- 
lysed. Kolliker  concludes  that  prussic  acid  paralyses,  first  the  brain, 
next  the  cord,  then  the  motor  nerves.  It  destroys  the  contractility 
of  the  heart  even  on  the  direct  application  of  the  electrodes  to  the 
muscular  substance. 

We  suggest  that  veratria  too  is  a  protoplasmic  poison.     It  is  un- 

*  Virchow's  Archiv,  Bd.  x. 
PH.    I.  18 
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doubtedly  a  powerful  muscle  poison,  peculiarly  modifying  the  character 
of  the  contraction.  Its  powerful  paralysing  action  on  muscles  renders 
it  difficult  to  test  its  action  on  the  nervous  centres  and  motor  nerves, 
i)ut  the  experiments  of  Bezold  and  Hirt*  prove  that  veratria  paralyses 
the  motor  nerves,  and  clinical  experience  shows  that  its  application  to 
the  skin  paralyses  the  terminations  of  the  sensory  nerves.  Veratria  also 
paralyses  the  heart  muscle. 

Veratria  therefore  paralyses  voluntary  muscular  fibres,  the  heart 
muscle,  the  motor  and  sensory  nerves;  and  we  venture  to  suggest, 
though  we  are  unable  to  adduce  any  experimental  proof,  that  it  pro- 
bably paralyses  the  central  nervous  system,  though  perhaps  only  to 
a  slight  degree.     Veratria  in  fact  is  a  protoplasmic  poison. 

Potash  salts,  arsenious  acid,  aconitia,  tartar  emetic,  hydrocyanic  acid, 
are  then  powerfully  poisonous  to  the  central  nervous  system,  to  motor 
and  sensory  nerves,  and  to  muscles.  Experiment  shows  too  that  veratria 
is  also  poisonous  to  muscle  and  nerves,  but  there  are  no  experiments 
to  prove  its  poisonous  action  on  the  central  nervous  system.  It  seems 
highly  feasible  that  all  these  substances  are  powerful  protoplasmic 
poisons,  depressing  or  destroying  function  in  all  nitrogenous  tissue. 

All  are  cardiac  depressants,  and  we  suggest  that  their  action  does 
not  depend  on  their  affecting  a  single  structure  of  the  heart,  but  that 
they  paralyse  the  ganglia,  their  nerves,  and  the  cardiac  muscle  itself; 
further,  we  deem  it  highly  probable  that  the  action  of  these  agents 
on  the  heart  does  not  entirely  explain  their  depressing  effect;  they 
depress  in  fact  also  by  their  poisonous  action  on  the  central  nervous 
system  and  on  the  motor  nerves  and  muscles. 

We  have  suggested  that  potash  has  an  equal  action  on  all  nitro- 
genous tissue,  but  we  need  hardly  say,  that  whilst  the  remaining 
substances  must  be  considered  poisonous  to  nitrogenous  tissue,  we  do 
not  mean  that  they  are  equally  poisonous  to  each  structure ;  no  doubt 
some  exert  a  special  poisonous  action  on  one  tissue,  as,  for  instance, 
veratria  on  muscle. 

•  Vntersuch,  aw  dem  Labor,  zu  Wurzhurg,  Heft  1. 


THE  STRUCTURAL  CHANGES  IN  THE  EPIDERMIS 
OF  THE  FROG,  BROUGHT  ABOUT  BY  POISONING 
WITH  ARSENIC  AND  WITH  ANTIMONY.  By  EMILY 

A.   NXJNN,  Lecturer  on  Biology  in  the  WeUealey  College,  Boston,  U.S.A. 
(Plate  VUI.) 

[From  the  Physiological  Laboratory^  Cambridge,'] 

At  Dr  Ringer's  desire,  I  undertook,  under  Dr  Foster's  guidance,  an 
examination  of  the  condition  of  the  epidermis  of  frogs  after  poison- 
ing by  arsenic  and  by  antimony,  in  the  hope  of  throwing  some  light 
on  the  nature  and  causes  of  the  peculiar  desquamation  described 
by  Drs  Ringer  and  Murrell  in  the  preceding  paper.  The  animals 
employed  were  the  toad,  and  the  frog  {Rana  temporaria)^  and  the 
changes  which  I  am  about  to  describe  were  observed  in  both  ;  but  they 
were  apparently  more  readily  brought  about  and  more  easily  watched 
in  the  frog  than  in  the  toad.  I  will  accordingly  confine  my  statements 
to  the  changes  in  the  frog,  especially  as  Drs  Ringer  and  Murrell 
experimented  on  that  animal  alone. 

The  Effects  of  Arsenic. 

When  the  flakes  of  epidermis  (which  as  stated  by  Ringer  and 
Murrell  (ante,  p.  186)  come  away  some  hours  after  the  administration 
of  the  drug)  are  examined,  it  is  found  that  they  can  be  readily  split  up 
into  two  strata  :  into  the  transparent  '  corneous'  layer,  and  into  the  un- 
derlying more  granular  'intermediate'  layer.  In  the  cells  thus  thrown 
ofif,  I  was  unable  to  detect  any  features  which  I  could  with  certainty 
attribute  to  the  action  of  the  arsenic.  The  character  of  this  portion  of 
the  frog's  epideiTais  has  been  carefully  described  by  Eberth*,  and  I 
have  nothing  to  add  to  his  account,  which  seems  to  be  an  exceedingly 
accurate  one.  The  peculiar  condition  described  by  Eberth  as  a  vacuo- 
lation  of  the  cell-substance  in  the  immediate  neighbourhood  of  the 
nucleus,  by  which  the  nucleus  is  deformed  or  at  times  almost  destroyed, 

*  Untertuchungen  zur  normalen  und  pathologUchen  Anatomic  der  Froichhaut.    Leipzig^ 
1869. 
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was  frequently  very  conspicuous.  At  first  I  thought  it  was  more  com- 
mon in  the  poisoned  than  in  the  unpoisoned  skin,  but  on  continuing 
my  observations  I  satisfied  myself  that  this  was  not  the  case,  the  abun- 
dance in  the  earlier  cases  being  purely  accidental.  I  may  remark  that, 
as  far  as  I  could  ascertain,  the  changes  leading  to  the  Wacuolation'  begin 
in  the  nucleus  itself,  and  I  should  accordingly  be  inclined  on  this  point 
to  differ  from  E berth,  and  to  regard  the  phenomenon  as  a  degenera- 
tion of  the  nucleus,  and  not  as  a  change  in  the  cell-substance  affecting 
the  nucleus  in  the  secondary  manner. 

There  was  'no  diminution,  or  at  least  no  marked  diminution,  of  the 
cohesion  between  the  various  cells  composing  the  two  layers,  the  cor- 
neous and  intermediate.  The  whole  corneous  layer  separated  readily 
from  the  underlying  intermediate  layer,  and  the  desquamation  had  evi- 
dently been  caused  by  a  separation  of  the  intermediate  layer,  with  its 
flattened  cells,  from  the  malpighian  layer  with  its  more  or  less  cubical 
or  polygonal  cells;  but  the  constituent  cells  both  of  the  corneous  layer 
and  of  the  intermediate  layer  held  pretty  well  together.  So  much  so, 
that  I  was  quite  unprepared  for  the  changes  which  I  subsequently  ob- 
served  in  the  malpighiau  layer. 

These  changes  I  studied,  by  means  of  vertical  sections,  having  hard- 
ened the  skin  in  various  reagents,  alcohol,  chromic  acid,  osmic  acid, 
picric  acid,  &c.,  with  or  without  subsequent  staining  with  hsematoxylin, 
carmine,  picro-carmine,  &c.  On  the  whole  I  found  a  weak  ('5  per  cent.) 
solution  of  chromic  acid  the  most  satisfactory. 

An  examination  of  a  series  of  sections  taken  from  different  parts  of 
the  body  at  different  intervals  after  the  (hypodermic)  introduction  of 
the  poison,  shows  that  the  general  effect  of  the  drug  on  the  epidermis 
is  to  cause  a  degeneration  and  partial  solution  of  the  protoplasm  of  the 
cells,  whereby  (1)  the  whole  epiderm  becomes  loosened  from  the  sub- 
jacent derm,  (2)  the  cells  of  the  malpighian  layer  become  incoherent  so 
that  the  whole  layer  collapses,  and  its  well-known  architectural  features 
become  obscured,  and  (3)  the  intermediate  layer  separates  from  the  mal- 
pighian layer  below,  and  at  times  from  the  corneous  layer  above.  The 
corneous  and  intermediate  layers  are  thus  desquamated,  sometimes 
separately,  sometimes,  and  perhaps  most  frequently,  together.  In  no 
case,  even  in  those  of  most  extreme  or  most  lengthened  poisoning, 
have  I  ever  seen  the  malpighian  layer  actually  cast  off  during  life ;  it 
always  remains  attached  (though  loosely)  to  the  derm  in  a  manner 
which  I  shall  presently  describe.  In  preparing  sections,  however,  it 
frequently  becomes  wholly  detached. 
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These  changes  do  not  occur  uniformly  in  the  skin  over  the  -whole 
body.  At  some  spots  the  epidermis  may  appear  quite  normal  at  a  time 
when  the  changes  in  other  spots  are  most  pronounced.  I  have  not  at* 
tempted  to  ascertain  why  this  is.  As  a  general  rule  the  skin  of  the  legs 
is  more  readily  aflFected  than  that  of  the  back,  even  when  the  poison  is 
injected  into  the  latter.  I  may  here  add  that  the  difference  cannot  be 
due  to  movements,  because  the  frogs  were  pithed  previous  to  the  ad- 
ministration of  the  dnig,  and  as  they  were  kept  free  from  stimuli  very 
few  movements  took  place. 

The  first  effects  visible  are  those  which  occur  in  the  columnar  layer, 
x.e,  in  the  undermost  layer  of  the  epidermis.  In  the  healthy  skin 
(PL  vm.  Fig.  1,  a)  this  layer  is  very  conspicuous ;  its  vertical  elongated 
palisade-like  cells,  with  their  long  oval  nuclei  also  placed  vertically^ 
present,  aa  is  weU  known,  a  very  characteristic  appearance.  The  bases 
of  these  rest  on  a  thin  sheet  of  hyaline  or  very  faintly  fibrillated  con- 
nective tissue,  which  in  vertical  sections  is  seen  as  a  narrow  band 
(Fig.  1,/).  The  epidermic  surface  of  this  dermic  "basement  mem- 
brane" is  raised  up  into  a  number  of  delicate  pointed  processes  or 
denticulations,  described  by  Eberth*,  which  pass  into  and  become 
continuous  with  the  protoplasm  of  the  over-lying  cells.  The  action 
of  the  arsenic  is  first  indicated  by  the  appearance  of  a  faint  naiTOW 
band  (PL  viii.  Fig.  2,  a)  along  the  bases  of  the  colunmar  cells 
immediately  above  the  basement  membrane.  This  is  apparently  due 
to  a  softening  and  partial  solution  of  the  corresponding  part  of  the 
protoplasm  of  the  cells ;  and  in  many  of  the  sections  holes  or  spaces 
(Fig.  2,  h)  (which  appear  to  be  rather  rents  and  tears  than  vacuoles) 
make  their  appearance,  partially  separating  the  bases  of  the  cells  from 
the  underlying  derm. 

Under  the  continued  influence  of  the  poison  this  solution  or  soften- 
ing or  degeneration  of  the  protoplasm  of  the  columnar  cells  advances, 
and  the  spaces  increase  until,  as  shown  in  Fig.  3,  the  cells,  instead  of 
being  attached  to  the  underlying  derm  by  the  whole  surfaces  of  their 
bases,  are  connected  only  by  bridles  or  threads  of  protoplasm. 

At  the  same  time  a  somewhat  corresponding  softening  or  solution 
begins  to  affect  not  only  the  other  portions  of  the  protoplasm  of  the 
columnar  cells,  but  also  the  bodies  of  the  rest  of  the  cells  of  the  mal- 
pighian  layer.  The  indications  of  the  ridges  and  prickles  become  ob- 
scured, and  the  cells  lose  their  characteristic  arrangement.  I  do  not 
think  I  can  better  describe  the  general  result  than  by  saying  that  the 
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cells  seem  to  collapse  and  become  huddled  together  (Fig.  4).  The 
oval  form  and  vertical  position  of  the  columnar  cells,  so  characteristic 
of  the  healthy  skin,  disappear ;  the  cells  of  the  whole  malpighian  layer 
become  irregular  in  outline,  and  from  a  diminution  of  their  cell-sub- 
stance their  nuclei  appear  crowded  together.  Nor  is  the  change  con- 
fined to  the  cell-substance;  the  nuclei  also  are  afifected.  They  lose 
their  characteristic  oval  (or  in  the  upper  cells  of  the  malpighian  layer 
spheroidal)  form  and  become  angular  and  smaller  as  if  they  had 
shrunken  (Fig.  4,  a).  The  outlines  of  the  nuclei  also  become  less  dis- 
tinct, as  if  both  nucleus  and  cell-body  were  fused  in  a  common  degenera- 
tion. In  this  way  the  whole  malpighian  layer,  so  to  speak,  collapses, 
losing  its  natural  features,  and  separating  from  the  derm,  to  which 
however  it  remains  attached,  partly  by  the  bridles  spoken  of  above,  but 
also  and  chiefly  by  the  prolongations  of  the  epiderm  into  the  ducts  of 
the  cutaneous  glands. 

It  is  while  these  changes  are  taking  place  in  the  malpighian  layer 
that  the  separation  of  the  corneous  layer  and  of  the  intermediate  layer 
occurs.  In  these  too  a  similar  but  slighter  loosening  of  the  constituent 
cells  may  be  observed,  but  this  never  reaches  the  Extent  witnessed  in 
the  underlying  cells ;  the  layer  appears  to  be  thrown  ofif  bodily  before  it 
has  become  sufficiently  affected  for  a  disintegration  to  occur. 

In  the  derm  the  distension  and  vascular  injection  of  the  cutaneous 
capillaries  and  small  blood-vessels  generally  is  very  marked ;  but  I  did 
not  observe  any  marked  structural  changes  in  the  connective  tissue  or 
other  elements  of  the  derm.  My  attention,  in  fact,  was  almost  solely 
directed  to  the  epiderm. 

It  is  obvious  from  the  foregoing  account  that  the  arsenic  first  attacks 
the  lowermost,  or  innermost,  portions  of  the  epiderm,  and  that  its  action 
advances  from  the  derm  outwards.  This  may  be  in  part  due  to  the 
simple  fact  that  the  innermost  cells  are  those  which  are  nearest  to  the 
blood-vessels  carrying  the  poison;  but  this  can  hardly  be  the  whole 
reason,  since  diffusion  must  be  very  rapid  through  a  thin  membrane  of 
such  a  nature  as  the  epidermis.  It  seems  more  natural  to  attribute  the 
phenomena  to  the  fact  that  the  cells  of  the  malpighian  layer  next  to 
the  derm  (the  columnar  layer)  are  composed  of  more  active,  more  irri- 
table protoplasm  than  that  of  the  rest  of  the  derm,  the  irritability 
diminishing  in  the  series  of  cells  from  within  outwards  in  proportion  as 
the  metamorphosis  of  the  protoplasm  into  keratin  becomes  more  and 
more  pronounced. 

I  never  observed  any  excess  in  the  fluids  excreted  by  the  skin 
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generally  as  the  result  of  arsenic  poisoning,  and  it  is  impossible  to 
explain  the  changes  described  above  as  merely  due  or  as  chiefly  due 
to  an  excessive  discharge  of  fluid  from  the  cutaneous  blood-vessels  or 
lymphatics  loosening  and  separating  the  cells.  All  the  facts  go  to  prove 
that  the  changes  are  the  result  of  the  arsenic  acting  directly  on  the 
epidermic  cells  themselves.  The  condition  of  the  arsenic-poisoned 
epidermic  cell  with  its  diminished  cell-substance  and  shrunken  nucleus 
suggests  the  idea  that  it  has  been  stimulated  to  exhaustion;  and  I 
shall  probably  not  go  far  wrong  in  regarding  the  changes  which  occur 
as  the  consequences  of  an  action  of  the  poison  not  wholly  unlike  an 
excessive,  in  fact,  a  lethal  stimulation,  by  which  the  destructive  stages 
of  the  metabolism  of  the  cells  are  hurried  on  beyond  the  reparative 
power  of  the  constructive  stages. 

The  stimulation  is  obviously  of  a  peculiar  kind.  One  marked  effect 
of  the  stimulation  of  undifferentiated  protoplasm  is  to  forward  and 
accelerate  processes  of  growth.  I  have  looked  diligently  for  indications, 
(such  as  double  nuclei,  &c.)  of  multiplication  in  the  epidermic  cells,  but 
always  in  vain.  One  would  naturally  expect  that  the  changes  which  I 
have  described  would,  if  the  animal  lived  and  recovered  from  the  poison, 
be  followed  by  a  rapid  renewal  of  the  epidermis,  but  I  have  not  as  yet 
succeeded  in  keeping  the  animals  long  enough  to  see  even  the  first 
trace  of  it.  I  may  remark  incidentally  that  the  fact  of  the  columnar 
layer  being  the  first  to  be  attacked  by  the  poison  may  perhaps  be 
regarded  as  an  indication  that  the  growth  of  the  epidermis  does  take 
place  from  this  layer,  and  not,  as  recent  researches  on  the  structure  of 
the  mammalian  epiderm  have  suggested,  from  the  cells  of  the  inter- 
mediate part. 

The  characteristic  vertical  arrangement  of  the  undermost  cells,  \,e. 
the  columnar  layer,  of  the  epiderm,  is  a  phenomenon  for  which  it  is 
very  difficult  to  account.  Embryologically  considered  this  feature  seems 
to  be  a  continuation  of  the  condition  of  the  primary  epiblast^  the  cells 
of  which  are  always  vertical ;  but  it  is  difficult  to  see  what  purpose  is 
served  by  the  preservation  of  this  ancestral  feature.  It  is  obvious, 
however,  from  the  results  which  I  have  given  that  this  vertical  position 
is  maintained  (for  whatever  reason)  by  some  exertion  of  the  protoplasm 
of  the  constituent  cells.  Immediately  that  the  arsenic  damages  the 
protoplasm,  the  vertical  arrangement  is  lost :  indeed  this  is  the  most 
obvious  effect  of  the  arsenic  and  the  one  most  readily  recognized. 
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The  Effects  of  Antimony. 

The  action  of  antimony  is  more  rapid  than  that  of  arsenic,  and  its 
effecti?  are  somewhat  different  Soojq  after  the  administration  of  the 
drug  the  entire  corneous  layer,  with  the  intermediate  layer  adherent, 
can  be  stripped  oflf  with  even  more  readiness  than  can  be  done  in  the 
case  of  arsenic ;  but  the  cells  of  the  intermediate  layer  appear  soft  and 
mucilaginous.  By  washing  about  in  a  drop  of  water  upon  a  slide  a 
small  bit  of  the  layer  stripped  off,  the  drop  upon  examination  is  found 
to  be  filled  with  isolated  and  perfect  cells.  Rarely  is  a  nucleus  found 
without,  at  least,  a  part  of  its  enveloping  protoplasm.  Many  of  the 
cells  have  a  cleanly  cut  edge  as  if  entire,  while  others  are  somewhat 
rough  and  jagged  in  appearance,  indicating  that  their  protoplasm  is 
beginning  to  disappear.  Their  principal  abnormal  feature  appears  to  be 
their  extreme  softness  and  delicacy.  I  found  it  necessary  to  support 
even  the  thinnest  coverslip  in  order  to  prevent  them  from  being  quite 
flattened  and  pressed  out  of  shape.  But  when  guarded  from  pressure, 
the  form  of  many  of  them  points  unmistakably  to  that  part  of  the 
epidermis  from  which  they  came.  I  could  not  detect  that  the  cells 
were  enlarged ;  the  change  which  they  had  undergone  consisted  not  so 
much  in  swelling  as  in  softening.  Columnar  cells  sometimes  attached 
in  twos  and  threes  (Fig.  5,  a)  can  evidently  be  referred  to  no  other  part 
than  the  columnar  layer.  This  proves  that  in  some  parts,  at  least,  the 
whole  depth  of  epidermis  has  been  removed  with  the  corneous  layer, 
and  among  the  mass  of  cells  every  variety  of  epidermic  cell  can  be  seen 
with  the  exception  of  those  of  the  corneous  layer.  I  have  never  found 
these  isolated  or  even  loosened.  On  examining  the  bit  from  which  the 
cells  have  been  washed,  the  corneous  layer  appears  quite  unbroken  and 
perfect,  and  the  greater  part  of  its  inner  surface  is  still  covered  with 
cells  of  the  intermediate  layer  which  have  not  been  washed  off. 

After  stripping  off  these  outer  layers,  examination  of  the  skin 
underneath  shows  it  to  be  covered  with  a  "  soft  jelly-like  "  mass  (spoken 
of  by  Drs  Ringer  and  Murrell),  which  can  be  readily  scraped  or 
brushed  off  from  every  part  of  the  body.  By  gently  removing  a  minute 
particle  of  this  with  a  camel-hair  brush,  and  teasing  it  in  a  drop  of 
normal  saline  solution  upon  a  slide,  it  appears  to  dissolve,  but  upon 
examination  the  fluid  will  be  found  to  be  filled  with  isolated  cells  with 
here  and  there  clusters  of  cells  showing  their  natural  arrangement. 
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Sections  of  the  hardened  skin  from  which  this  soft  mass  had  been 
removed  I  found  to  consist  of  the  derm  only  without  a  single  epidermic 
cell  attached.  Its  thin  hyaline  sheet,  forming  its  boundary  on  the 
epidermic  side,  appeared  normal  and  perfect,  save  that  the  fine  processes 
or  denticulations  had  disappeared.  They  are  probably  broken  off  in 
removing  the  overlying  cells;  for,  as  stated  by  Eberth  in  the  paper 
above  referred  to,  they  are  extremely  delicate  and  easily  destroyed. 

Sections  of  the  corneous  layer,  with  the  adherent  intermediate  layers, 
which  have  been  stripped  off  together,  show  the  corneous  layer  to  have 
the  same  appearance  as  in  the  healthy  skin,  but  between  the  ceUs  of 
the  intermediate  layer  are  light  lines  indicating  a  softening  of  the 
exterior  of  the  cells,  and  here  and  there  between  the  cells  spaces 
appear,  which  apparently  have  been  formed  by  shrinkage  of  the  soft- 
ened protoplasm.  The  layer  is  also  imperfect,  it  never  comes  off  as  a 
whole  but  here  and  there  parts  are  missing  which  have  remained 
behind  with  the  malpighian  layer. 

If  handled  with  sufficient  care  in  the  process  of  hardening,  &c., 
sections  of  the  entire  skin  can  readily  be  taken ;  the  exterior  corneous 
and  intermediate  layers  with  the  softer  malpighian  ceUs  beneath  still 
remaining  adherent  to  the  derm.  From  these  sections  I  learned  that 
the  structural  changes  in  the  epidermis  brought  about  by  antimony  are 
essentially  the  same  as  those  produced  by  arsenic.  There  is  (1)  the 
same  marked  degeneration  and  partial  solution  of  the  columnar  layer 
(Fig.  6,  a)  which  causes  the  epidermis  to  be  held  less  firmly  to  the 
dermis ;  though  previous  to  the  hardening  the  extreme  softness  of  the 
cells  prevents  it  from  being  stripped  away  as  can  be  done  in  the  case 
of  arsenic.  There  is  (2)  the  same  degeneration  and  separation  of  all 
the  cells  of  the  malpighian  layer,  and  (3)  the  same  desquamation  of 
the  corneous  and  intermediate  layers.  The  principal  difference  is  the 
greater  softness,  or  more  complete  isolation  of  the  cells,  and  the  some- 
what more  marked  change  in  the  intermediate  layer.  The  cells  of  this 
layer  appear  more  thoroughly  detached  from  one  another,  and  hence 
cavities  are  more  frequently  found  between  them ;  but  their  protoplasm 
is  never  formed  with  threads  and  processes  enclosing  spaces,  as  in  the 
columnar  cells.  It  is  this  separation  of  the  constituent  cells  of  the 
intermediate  and  also  of  the  malpighian  layer  which  is  the  chief  deter- 
mining cause  of  the  pulpy  or  mucilaginous  condition  of  skin  in  antimony 
poisoning  mentioned  by  Ringer  and  MurrelL  Altogether,  the  action 
of  antimony  is  more  rapid  than  that  of  arsenic  and  the  changes  pro- 
duced by  it  bear  evidence  of  more  violence.     But  the  mai'ked  change 
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in  the  columnar  cells  remains  the  most  characteristic  feature  among  the 
structural  changes  produced  by  both  arsenic  and  antimony  poisoning. 

Both  these  drugs  then  have  a  specific  effect  upon  the  cells  of  the 
epidermis,  the  one  differing  slightly,  only,  from  the  other  in  their  funda- 
mental action,  though  the  results  appear  to  the  naked  eye  to  diverge  so 
largely.  The  skin,  under  the  influence  of  either  drug,  presents  a  striking 
contrast  to  one  which  has  been  left  to  disintegrate  in  a  natural  manner 
after  death.  I  have  examined  the  skin  of  frogs  at  intervals  of  one  to 
seven  days  after  death,  but  I  have  never  observed  the  peculiar  changes 
which  I  have  described  above  as  taking  place  in  the  columnar  cells. 
The  cells  of  the  whole  epidermis  become  granular  and  more  opaque, 
and  the  outlines  of  the  cells  become  indistinct;  the  corneous  layer 
may  be  thrown  off,  and  the  features  of  the  malpighian  layer  become, 
eventually,  very  difficult  to  recognize ;  but  at  no  stage  does  either  the 
protoplasm  of  the  cells  become  softened  in  the  peculiar  manner 
described,  nor  do  the  nuclei  become  shrunken.  The  desquamation 
under  antimony  and  arsenic  is  obviously  a  specific  effect. 


Changes  in  the  Cornea. 

I  have  made  a  few  observations  on  the  corneas  of  frogs  and 
toads  poisoned  by  antimony  and  by  arsenic.  The  changes  visible  in 
the  epithelium  are  similar  to  those  seen  in  the  epidermis.  There  is  a 
similar  softening  of  the  bases  of  the  cells  of  the  colunmar  layer,  and  a 
similar  loss  of  cohesion  with  the  underlying  derm,  as  well  as  a  similar 
loosening  and  separation  of  all  the  cells  of  the  epithelium.  But  the 
effects  were  never  so  well  marked  as  in  the  skin.  I  have  often  ob- 
served the  cornea  to  be  but  slightly  changed  at  a  time  when  the  altera- 
tions in  the  epidermis  were  already  pronounced. 

I  was  in  many  cases  very  much  struck  with  the  changes  of  the 
nuclei  both  in  the  columnar  and  overlying  layers.  In  the  normal  cor- 
nea the  nuclei  of  the  columnar  layer  are  oval,  with  a  very  conspicuous 
nucleolus,  and  entirely  fill  the  spaces  in  the  cell-substance  in  which 
they  lie.  Under  the  influence  of  arsenic  or  antimony  they  become  irre- 
gular in  shape,  triangular,  polygonal,  semilunar,  or  even  obscurely  stel- 
late, and  a  space  is  developed  immediately  surrounding  each.  As  far 
as  I  was  able  to  ascertain  this  space  is  one  between  the  membrane  (or 
exterior  surface)  of  the  nucleus  and  the  cell-substance,  not  between  the 
nuclear  membrane  and  the  nuclear  substance.     It  apparently  results 
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from  a  contraction  or  at  least  a  Bhrinking  of  the  nucleus.  I  am  not 
however  prepared  to  insist  on  this  point:  the  outer  limit  of  the  space 
may  be  bounded  by  a  membrane;  and  every  histologist  is  aware  how 
difficult  it  is  to  prove  the  existence  of  a  membrane. 

If,  however,  my  view  is  correct,  the  change  in  the  nucleus  thus 
brought  about  by  the  action  of  these  drugs  is  something  very  different 
from  the  vacuolation  of  the  nucleus,  to  which  I  referred  at  the  begin- 
ning of  this  paper  as  common  in  the  cells  of  the  epidermis,  and  which 
I  have  met  with  still  more  frequently  in  the  cells  of  the  epithelium  of 
the  cornea.  An  examination  of  these  latter  can,  I  think,  leave  no 
doubt  in  the  mind  of  the  observer,  that  the  vacuolation  is  within  the 
nucleus.  Very  frequently  there  is  more  than  one  vacuole  in  a  nucleus, 
and  bridles  of  protoplasm  are  seen  separating  adjacent  vacuoles.  In 
fact,  an  intra-nuclear  network,  similar  to  that  recently  described  by 
Klein*,  is  observed  on  an  exaggerated  scale.  The  appearance  of  the 
cell  suggests  that  Klein^s  ''ground  substance"  has  become  fluid,  and 
thus  has  given  rise  to  vacuoles  which  are  bounded  by  the  lines  (and 
sheets)  of  the  intra-nuclear  network.  The  appearance  under  antimony 
&c.,  on  the  other  hand,  suggests  that  the  whole  intra-nuclear  network 
has  shrunk  (except  in  certain  cases  when  at  particular  points  it  remains 
in  continuity  with  the  cell-substance),  carrying  the  ground  substance 
and  membrane  with  it.  I  may  remark  in  passing,  that  indications  of 
the  nuclear  network  are  recognisable  in  many  sections  of  both  cornea 
and  epidermis,  though  not  in  such  striking  clearness  as  is  delineated 
by  Klein.  Speaking,  moreover,  in  reference  to  the  skin  and  cornea, 
I  cannot  agree  with  the  view  which  Kleiii"f  seems  to  hold,  that  the 
nucleolus  is  nothing  more  than  a  mere  nodal  point  of  the  intra- 
nuclear network.  It  may  serve  as  a  nodal  point,  but  in  the  epithelial 
cells  of  the  cornea,  at  all  events,  it  is  as  distinct  and  striking  an 
independent  structure  as  the  nucleus  itself. 

The  cells  of  the  dermic  basis  of  the  cornea  seem  also  to  be  affected 
by  the  drugs  in  a  manner  somewhat  similar  to  those  of  the  epithelium, 
but  I  have  not  had  an  opportunity  of  examining  these  thoroughly. 

In  conclusion,  I  may  call  attention  to  the  fact,  that  the  structural 
changes  which  I  have  described,  as  far  as  they  go,  support  the  view 
enunciated  by  Drs  Ringer  and  Murrell  in  the  preceding  paper,  that 
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arsenic  "is  a  protoplasmic  poison."  It  is  obvious  also  that  these 
changes  are  not  without  interest  in  view  of  the  remarkable  therapeutic 
value  of  arsenic  in  skin  diseases,  and,  I  may  add,  of  antimony  in  certain 
forms  of  conjunctivitis. 


EXPLANATION   OF  PLATE  VIII 

(Obj.  Hartnack's  no.  11,  immersion.     Oc  3.) 

Fig.  1.  Vertical  section  of  healthy  epidermis  of  frog ;  a,  columnar  layer 
of  cells ;  (,  malpighian  layer ;  c,  intermediate  layer ;  e,  corneous  layer  j  /,  sheet 
of  connective  tissue  forming  boimdacy  between  dermis  and  epidermis ;  g^ 
vacuoles. 

Fig.  2.  Section  of  epidermis  from  frog  poisoned  with  arsenic ;  a,  narrow 
light  band  at  base  of  columnar  cells  caused  by  early  action  of  ai*senic ;  6,  holes 
or  spaces  beginning  to  appear  in  it. 

Fig.  3.  More  advanced  action  of  arsenic  The  narrow  light  band  of 
fig.  2  much  widened,  and  at  a  the  protoplasm  reduced  to  fine  threads,  or,  (,  a 
single  btidle. 

Fig.  4.  Section  from  skin  of  frog  three  days  under  arsenic,  showing 
separation  of  cells  and  complete  breaking  up  of  structure ;  a,  deformed  nuclei 
with  obscured  outline ;  by  large  spaces  caused  by  disappearance  of  isolated  cells ; 
c,  light  lines  between  cells  indicating  a  solution  or  softening  of  protoplasm. 

Fig.  5.  Epidermic  cells  isolated  by  action  of  antimony;  a,  columnar 
cells ;  6,  (?)  gland  cell ;  c,  polygonal  cell. 

Fig.  6.  Section  of  skin  from  frog  poisoned  with  antimony ;  a,  columnar 
layer  in  which  large  cavities  are  formed;  6,  columnar  cells  in  which  the 
reduced  protoplasm  is  drawn  into  processes ;  c,  spaces  in  intermediate  layer ; 
dy  light  lines  between  cells  indicating  a  softening  and  separation  of  ceUs. 


ON  THE  STRUCTURAL  CHANGES  WHICH  ARE  PRO- 
DUCED  IN  THE  LIVER  UNDER  THE  INFLUENCE 
OF  THE  SALTS  OF  VANADIUM.  By  G.  F.  DOWDES- 
WELL,  B.A.  Cantab.,  F.C.S.,  &c. 

The  object  of  the  following  experiments  was  to  ascertain  the  influ- 
ence of  these  salts  in  causing  fatty  degeneration  of  the  liver.  The 
soluble  ammonium  salt  was  used,  administered  in  the  first  experiments 
mixed,  slightly  moistened,  in  food ;  subsequently  in  aqueous  solutions, 
of  from  ^  to  2  per  cent.,  injected  subcutaneously  in  the  back.  The 
action  is  the  same  in  both  cases,  but  the  quantity  administered  can  be 
more  accurately  and  conveniently  regulated  by  injection. 

The  action  of  the  salts  of  vanadium  appears  analogous  to  that  of 
phosphorus,  which  has  been  investigated  and  described  by  Wagner*. 

Moderate  doses  produce  but  little  alteration  in  the  structure  of  the 
liver,  unless  continued  for  a  very  lengthened  period :  the  action  of 
larger  doses,  on  the  contrary,  is  most  marked  and  singularly  rapid. 
The  changes  which  present  themselves  are  the  following : — the  organ 
becomes  paler,  soft  to  the  touch,  and  its  specific  gravity  is  considerably 
reduced.  In  the  Camivora,  where  they  are  well  defined,  the  lobules  are 
obscured,  or  entirely  obliterated;  the  hepatic  cells  become  coarsely 
granular,  and  their  nuclei  and  nucleoli  become  pale  and  disappear ;  at 
the  same  time,  the  boundaries  of  the  cells  are  rendered  so  indistinct 
that  they  appear  as  if  fused  together.  The  intralobular  vessels  appear 
augmented  in  size,  in  many  cases  greatly  congested.  The  remarkable 
paleness  of  the  liver,  which  occurs  in  the  Camivora  under  the  influence 
of  vanadium,  is  due  to  the  diminution  of  the  biliary  pigment,  on  which, 
in  most  animals,  the  colour  of  the  liver  is  mainly  dependent,  rather  than 
on  the  greater  congestion  of  the  blood-vessels  towards  the  hepatic  vein. 
The  pigment  presents  itself  under  the  microscope  as  conspicuous  rows 
of  minute,  well-defined  spots  of  a  greenish-brown  colour,  which  are 
stained  darker  by  hsematoxylon.  In  the  Rodents  this  is  not  so  well  de- 
fined, and  consequently  the  changes  under  the  influence  of  vanadium 
are  not  so  apparent.  It  is  in  the  peripheral  cells  of  each  lobule,  where 
the  pigment  granules  are  least  numerous,  that  the  deposition  of  fat 

♦  Virchow's  Archiv,  B.  55,  s.  18.    1872, 


268  O.  F.  DOWDESWELL. 

commences;  as  it  progresses  with  the  degeneration  of  the  protoplasm 
inwardly,  so  the  deposition  of  biliary  pigment  ceases,  till  ultimately  the 
whole  lobule  presents  a  vacuolated  and  then  a  reticulated  appearance, 
from  the  spaces  formed  by  the  confluence  of  several  cells,  many  of 
which  are  filled  with  globules  of  oil  still  apparent  in  sbnie  sections, 
though  generally  the  empty  spaces  only  are  seen ;  the  margins  of  these 
are  much  thickened,  as*  if  the  cell  substance  had  gradually  collected 
outwardly  from  the  centre.  These  changes  commence,  as  above  stated, 
in  the  peripheral  portions  of  the  lobule,  and,  when  the  dose  has  been 
large  and  its  action  rapid,  they  may  be  seen  to  be  completely  honey- 
combed, or  carious,  whilst  around  the  hepatic  vein  the  structure  of  the 
cells  is  unaltered. 

The  mucous  membrane  of  the  intestinal  canal  is  found  to  be  gene- 
rally congested,  but,  beyond  this,  pathological  changes  in  other  organs 
are  not  well  marked. 

Fatty  degeneration  of  the  different  organs  and  tissues  has  been 
noticed  from  an  early  period  by  many  writers.  It  appears  first  to  have 
been  described  in  this  country  under  the  title  of  Fatty  Degeneration 
by  Bowman,  in  1841*,  but  both  his  description  and  the  drawings 
which  he  gives  refer  rather  to  fatty  infiltration,  than  to  true  fatty 
degeneration. 

In  1847  Virchowf"  discussed  the  subject.  Paget,  in  his  Lectures 
on  Surgical  Pathology,  has  a  long  article  upon  it  Quain|  describes 
fatty  degeneration  of  the  heart,  and  in  1853  Handfield  Jones  §  pub- 
lished an  elaborate  Review  of  the  principal  Articles  which  up  to  that 
period  had  appeared  on  the  subject. 

The  distinction  between  fatty  infiltration  or  the  occurrence  of  drops 
of  fat  in  the  hepatic  celb,  which  is  frequently  a  normal  process,  and 
true  fatty  degeneration,  which  is  conversion  of  the  protein  substances 
of  the  cell  into  fat,  has  long  been  recognised,  and  it  is  now  generally 
considered  that  this  latter  is  the  result  of  a  defect  in  nutrition,  a  doc- 
trine which  was  first  pronounced  by  Lehman||,  and  is  supported  by 
the  experiments  of  Ormerod,  who  found  that  pieces  of  heart  mace- 
rated for  some  weeks  in  weak  spirit  and  water,  or  in  water,  became 
fatty,  with  the  accompanying  typical  appearance  of  degeneration. 

*  The  Mieroseopie  Journal,  &o.  Vols.  i.  and  n.    London,  Van  Voorst,  1841, 1842. 

t  Virchow's  Archiv,  Bd.  i.  a.  147. 

X  Med.  Chir,  Trans.  Vol.  xzziii.  p.  121,  &o. 

§  Brit  For.  Med.  Chir.  Rev.  Vols.  zi.  and  xii. 

I  Physiol.  Chem.  in.  p.  222. 
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The  animals  employed  in  these  experiments  were  guinea-pigs,  rab- 
bits, cats,  and  dogs.  Priestley*  found  that  the  lethal  dose  for  rabbits 
was  about  0*01  gmm.  of  V,  O^  per  kilo,  of  body  weight ;  the  same  pro- 
portion seems  to  hold  good  in  the  case  of  guinea-pi^  and  dogs,  but 
cats  are  more  easily  affected,  a  smaller  quantity  proving  fatal,  and 
when  administered  in  continued  small  quantities,  the  loss  of  appetite, 
purging,  and  emaciation,  are  more  marked  in  them.  * 

Domestic  animals,  as  is  well  known,  are  liable  to  "fatty  liver"; 
on  this  account  young  animals  were  chiefly  employed  in  this  investi- 
gation. All  the  dogs  were  young,  scarcely  full  grown,  and  apparently 
healthy.  The  liver  was  in  all  cases  examined  immediately,  when  the 
animal  was  killed,  or,  when  it  died,  as  soon  as  possible  afterwards, 
small  portions  being  placed  under  the  microscope  in  serum  or  saline 
solution ;  pieces  of  it  were  then  preserved  in  alcohol,  and  in  bichromate 
of  potash,  of  which,  when  hardened,  sections  were  prepared  and  ex- 
amined. 

Experiments  upon  Guinea-pigs. 

In  the  liver  of  the  guinea-pig  the  lobules  are  very  indistinctly 
marked,  the  radiation  of  the  cells  in  rows,  so  apparent  in  the  Carnivora, 
is  less  pronounced,  and  the  granules  .of  biUary  pigment,  which  in  the 
latter  are  generally  conspicuous  in  the  central  parts  of  the  lobule,  are 
nearly  absent,  consequently  the  early  stages  of  fatty  degeneration  are 
less  apparent.  The  action  of  the  salt  was  tested  in  these,  both  by  ex- 
periments in  which  an  excessive  dose  was  given,  which  proved  fatal  in  a 
short  time,  and  by  others  in  which  small  doses  were  administered  d^ly 
for  different  periods,  up  to  twenty-five  days,  but  in  all  cases  alike  the 
structural  changes  produced  in  the  liver  were  but  slight  as  compared 
with  what  occurred  in  the  Camivora,  and  failed  to  afford  conclusive 
results. 

Experiments  upon  Rabbits. 

In  rabbits  the  structure  of  the  liver  is  similar  to  that  in  guinea-pigs, 
and  the  early  stages  of  change  under  the  action  of  the  salt  are  not  gene- 
rally well  marked.  Nevertheless  in  an  experiment  ia  which  a  large 
dose  was  injected  subcutaneously  and  the  animal  killed  six  hours  after- 
wards, its  action  could  be  recognised,  in  the  coarsely  granular  appearance 
of  the  hepatic  cells,  their  indistinctness  of  outline,  and  the  fading  of  the 
nuclei  and  nucleoli. 

*  Proe.  Roy,  Soc,  1876,  VoL  xxir.,  p.  40. 
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Experiments  upon  Cats. 

In  cats  the  changes  in  the  structure  of  the  liver  are  better  marked 
than  in  Rodents,  and  the  larger  number  of  these  experiments  was  per- 
formed upon  these  animals.  They  afford  a  striking  proof  of  the  rapid 
and  marked  action  of  large  doses  as  compared  with  the  long-continued 
exhibition  of  smaller  quantities.  In  the  following  table  a  selection  from 
the  experiments  is  recorded  showing  the  results.  In  Experiment  No.  3 
for  46  days  a  dose  was  administered  in  food,  which  produced  excessive 
constitutional  disturbance,  vomiting,  purging,  and  emaciation;  at  the 
end  of  that  period  the  animal  was  killed,  and  fatty  degeneration  of  the 
organ  was  found  distinctly  pronounced.  In  Experiment  No.  7  about  the 
same  proportion  of  the  salt  was  administered  daily  to  another  animal 
by  subcutaneous  injection  for  21  days  only,  when  it  was  killed,  and  no 
change  could  be  recognised.  Experiment  No.  3  was  repeated  with  the 
same  quantity,  and  for  the  same  period  as  before,  with  identically  the 
same  result  as  in  the  first  case.  In  Experiment  No.  8,  after  the  injec- 
tion of  an  excessive  dose,  the  animal  died  in  24  hours,  and  the  pro- 
gress of  degeneration  was  well  marked,  while  in  No.  13,  when  a  rather 
larger  quantity  was  injected  and  the  animal  killed  after  only  6  hours, 
the  changes  were  much  farther  developed,  quite  as  much  so  as  in  the 
former  experiments,  which  were  continued  for  46  days. 

Experiments  upon  Dogs. 

Dogs  are  the  best  subjects  for  these  experiments.  In  them,  as  in 
the  cat  and  in  man,  the  deposit  of  biliary  pigment  in  the  hepatic  cells 
is  very  distinct,  and  here  it  is  plain  that  it  is  this  which  mainly  marks 
out  the  lobules,  more  than,  as  often  stated,  the  greater  congestion  of 
blood  towards  the  hepatic  vein ;  and  the  earlier  stages  of  fatty  degene- 
ration by  the  disappearance  of  these  pigment  granules,  in  the  peripheral 
portions  of  the  lobule,  are  clearly  marked.  Loss  of  appetite,  vomiting 
and  purging  are  not  caused  in  dogs  by  these  salts  as  readily  as  in  cats, 
while  the  changes  in  the  structure  of  the  liver  by  large  doses  of  the  salt 
are  as  rapid  as  in  the  latter,  occurring  distinctly  within  24  hours.  The 
results  of  observations  upon  these  animals  agreed  in  all  respects  with 
those  above  mentioned  upon  cats.  In  the  second  annexed  table  two 
experiments  are  selected  and  recorded.  In  No.  16  a  large  dose  was  ad- 
ministered, causing  vomiting  and  general  disturbance,  in  a  young  dog, 
which,  on  being  killed  after  24  hours,  exhibited  a  well-marked  alteration 
in  the  structure  of  the  liver.  In  No.  17  the  same  result  followed  the 
administration  of  a  smaller  quantity  for  three  days  successively. 
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FURTHER  RESEARCHES  ON  THE  VASOMOTOR 
NERVES  OF  ORDINARY  MUSCLES.  By  W.  H.  GAS- 
KELL,  M^,  TrinUy  CoUege,  Cambridge.     (Plates  IX.  X.  XI.) 

[From  the  Phydohgical  LahorcUoryy  Cambridge,'] 

In  a  paper  published  by  me  in  Ludwig's  Arbeiten*  and  in  the 
Journal  of  Anatomy  and  Physiology "f",  I  have  shown  that  section 
of  the  nerve  belonging  to  any  particular  muscle  or  group  of  muscles 
causes  a  great  temporary,  not  permanent,  increase  in  the  amount  of 
blood  which  Sows  from  the  muscle  vein;  further,  that  stimulation 
of  the  peripheral  end  of  the  nerve  causes,  as  well  as  the  tetanus  of 
the  muscle,  a  very  marked  increase  of  the  rate  of  flow  through 
the  muscle ;  which  increase  takes  place,  either  after  the  termination 
of  the  tetanus,  or  (if  the  stimulation  last  long  enough)  even  during 
the  tetanus  itself. 

Both  these  facts  were  confirmed  and  received  their  explanation 
in  a  second  research,  published  in  the  Journal  of  Anatomy  and 
PhysiologyJ,  upon  the  variations  of  the  circulation  in  the  mylohyoid 
muscle  of  the  frog.  By  the  direct  observation  of  the  muscle  vessels 
under  the  microscope,  I  came  to  the  conclusion  that  in  the  frog  and, 
by  inference,  in  the  dog  also,  this  increased  flow  of  blood  through  the 
muscle  was  due  to  the  action  of  dilator  fibres  contained  in  the  nerve ; 
that,  in  fact,  when  the  muscle  is  made  to  contract  by  the  direct  stimu- 
lation of  the  motor  nerves,  its  arteries  are  at  the  same  time  made  to 
dilate  by  the  direct  stimulation  of  dilator  nerves ;  and  that  section  of 
the  nerve  produces  its  effect,  because  it  removes  the  tonic  action  of 
the  central  nervous  mechanisms,  and  also  because  the  mechanical  act 
of  section  constitutes  a  strong  stimulation  of  these  dilator  fibres.  At 
the  same  time  I  left  it  doubtful  whether  dilation  of  its  vessels  always 
accompanies  contraction  of  a  muscle,  i.e.  when  that  contraction  is 
not  due  to  direct  stimulation  of  the  nerve,  but  either  to  voluntary 


*  Ludwig's  ilr&«it«n,  1876. 

t  Journal  of  Anat,  and  Physiology 

t  Journal  of  Anat,  and  Pky$iology 
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or  reflex  action,  until  the  completion  of  certain  experiments  upon 
mammals,  which  I  had  then  commenced;  although  my  observations 
upon  the  circulation  in  the  frog  s  muscle  seemed  to  point  to  the 
conclusion  that  such  was  the  case,  that  in  fact  an  increased  blood- 
supply  went  hand  in  hand  with  activity  of  the  muscle,  however 
caused. 

Before  however  I  was  able  to  complete  a  series  of  experiments 
to  settle  this  point,  a  paper  by  Heidenhain*  appeared  in  Pfluger's 
Archiv,  upon  the  whole  question  of  the  regulation  of  the  muscular 
vascular  system,  which  to  a  certain  extent  was  directly  contrary  to 
my  views,  and  which  therefore  necessitated  a  reconsideration  of  my 
former  conclusions. 

In  order  to  estimate  at  their  true  values  Heidenhain's  results 
and  mine,  and  if  possible  to  reconcile  their  apparent  discrepancies, 
it  is  necessary  to  bear  in  mind  the  essential  difference  between  our 
two  methods  of  observation.  He  bases  his  conclusions  upon  measure- 
ments of  temperature  in  the  muscle,  so  that  he  assumes  that  a  rise 
or  fall  of  temperature  denotes  a  dilation  or  constriction  of  the  muscular 
blood-vessels.  I,  on  the  other  hand,  measure  directly  the  rate  of  blood- 
flow  through  the  muscle,  and  therefore  have  to  make  a  much  less 
questionable  assumption;  viz.  that  when  more  blood  flows  from  the 
vein  the  vessels  are  dilated,  and  when  less  they  are  constricted, 
apart  of  course  from  direct  mechanical  obstruction  to  the  blood-flow. 

In  this  paper  then  I  propose,  first  of  all,  to  give  the  results 
of  my  further  experiments  upon  the  rate  of  flow  through  the  muscle, 
and  then  to  compare  these  with  Heidenhain's,  and  discuss  the 
correspondences  and  discrepancies  between  the  two  sets  of  experi- 
ments, especially  with  reference  to  the  relations  between  variations 
in  temperature  and  variations  in  blood-flow,  as  far,  that  is  to  say, 
as  I  am  able  to  do  at  present. 

First,  however,  I  must  say  a  few  words  about  my  method  of  experi- 
mentation. This  was  essentially  the  same  as  in  the  experiments  made 
at  Leipzig.  The  animals  used  were  dogs,  the  blood-flow  was  measured 
in  the  same  way,  with  the  exception  that  instead  of  using  ligatures 
round  the  femoral  vein,  in  order  to  alter  the  direction  of  the  blood- 
flow  eitKer  towards  the  heart  or  into  the  cannula,  I  used  two  clamps 
fixed  in  a  holder,  by  means  of  which  I  could  clamp  the  femoral 
either  above  or  below  the  orifice  of  the  extensor  vein,  by  the  simple 
process  of  turning  two  screw-heads  in  opposite  directions.    Each  clamp 

♦  Pfliiger'B  Archiv,  Vol.  XYX.  p.  1. 
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was  composed  of  a  lower  hook  which  could  be  slipped  underneath 
the  vein,  and  an  upper  hook  which  fitting  tightly  upon  the  lower 
one  clamped  the  vein  absolutely  when  it  was  screwed  down.  The 
whole  of  each  clamp  was  made  of  german-silver,  and  the  edges  of 
both  upper  and  lower  hooks  were  perfectly  smooth  and  rounded 
so  as  not  to  injure  the  vein  in  the  least.  The  two  clamps  could 
be  moved  as  close  to  each  other  or  as  far  off  as  required,  so  that 
they  were  adjustable  to  any  size  of  dog.  The  use  of  these  clamps 
has  enabled  me  to  continue  any  single  experiment  longer  than 
was  possible  by  the  use  of  ligatures,  and  at  the  same  time  with 
more  accuracy,  for  the  continual  tying  and  untying  of  thin  ligatures 
soon  damaged  the  coats  of  the  vein  to  such  an  extent  as  to  make 
coagulation  occur  frequently,  and  also  the  process  of  tjring  and  unty- 
ing necessitated  continual  interference  with  the  wound  in  the  thigh. 
Neither  of  these  objections  applies  to  the  use  of  the  clamps  ;  the 
upper  hook  compresses  the  vein  against  the  lower  gently  and  firmly, 
and  the  vein  opens  by  the  simple  withdrawal  of  the  upper  hook, 
so  that  neither  the  opening  nor  the  closure  of  the  vein  causes  any 
great  damage  to  the  condition  of  the  walls  or  to  the  position  of  the 
vein ;  and  as  the  screw-heads  project  beyond  the  wound,  the  vein 
can  be  opened  or  shut  at  pleasure,  without  any  interference  what- 
ever with  the  wound.  Of  course  an  apparatus  of  this  sort  could  not 
well  be  used  in  the  case  of  unanaesthetised  animals,  and  therefore 
was  not  suitable  to  the  experiments  made  at  Leipzig;  but  in  the 
present  series  this  objection  falls  to  the  ground,  for  in  every  case 
the  animal  was  under  the  influence  of  morphia  or  chloroform,  or  both, 
during  the  whole  course  of  the  experiment,  besides  being  sometimes 
curarised,  sometimes  not.  Further,  in  my  former  paper*,  I  men- 
tioned that  occasionally  a  valve  occurred  just  below  the  orifice  of  the 
extensor  vein,  which  had  then  to  be  broken  down;  I  now  find 
however  that  this  valve  is  not  occasionally  present,  but  is  always 
there,  the  only  difference  being  that  in  some  dogs  it  is  situated 
nearer  to  the  extensor  vein  than  in  others,  and  in  large  dogs  such 
as  I  made  use  of  at  Leipzig,  the  distance  between  valve  and  extensor 
vein  is  in  most  cases  sufficient  to  allow  of  the  insertion  of  the  cannula 
above  the  valve,  while  in  small  dogs,  such  as  are  the  rule  here,  the 
valve  must  be  broken  down  before  the  blood  will  flow  ;  I  therefore 
in  every  case  took  the  precaution  of  tearing  down  the  vaJve  by  means 
of  a  sharp  crochet-hook  before  inserting  the  cannula. 

^  Lqc»  eit. 
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There  is  one  other  precaution  that  should  be  mentioned.  From 
Lepine's*  and  Bernstein'sf  papers  it  appears  that  by  oooiing 
down  the  surface,  it  is  possible  to  obtain  a  rise  of  temperature  by 
operations  which  would  ordinarily  give  a  fall ;  in  order  therefore  to 
prevent  any  action  of  this  sort,  I  always  placed  a  sheet  of  wadding 
loosely  over  the  body  and  legs  of  the  animal,  and  so  prevented  any 
great  cooling  of  the  surface  from  exposure  to  the  air.  In  all  the 
experiments  then,  given  in  this  paper,  it  is  to  be  understood  that 
the  body  and  legs  of  the  animal  were  loosely  covered  with  wadding, 
unless  the  contrary  be  expressly  stated. 

The  curves  that  accompany  this  paper  are  either  facsimiles  of 
the  original  curves,  or  as  explained  in  my  former  paper  are  the 
deduced  curves  giving  the  rate  of  flow  for  successive  five  seconds. 
In  every  case  ten  of  the  divisions  on  the  ordinate  correspond  to 
1  cc.  of  blood,  whatever  the  scale  be ;  it  was  impossible  to  use  the 
same  scale  for  every  figure,  for  either  then  some  of  the  eflfects 
would  not  have  been  manifested  sufficiently,  or  some  of  the  figures 
would  have  been  too  large  for  any  reasonably  sized  page. 

In  order  to  confirm  the  experiments  made  at  Leipzig,  I  have 
made  a  few  of  the  same  kind  on  animals  under  the  influence  of 
morphia  and  chloroform,  with  results  exactly  similar  to  those  given 
in  my  former  paper.  It  is  not  worth  while  therefore  to  give  these 
experiments  in  detail,  with  the  exception  perhaps  of  the  efiect  of 
section  of  the  nerve ;  for,  as  I  was  not  able  at  Leipzig  to  obtain 
many  curves  of  section,  confirmation  on  this  point  Ls  perhaps  ad- 
visable. 

L  Section  of  the  muscle  nerve  causes  a  great  increase  in  the 
rate  of  blood-flow  through  the  muscle,  which  attains  its  maximum 
in  from  20  to  40  seconds  after  the  section,  and  which  has  entirely 
disappeared  in  from  two  to  four  minutes  after  the  section.  This 
is  true  whether  the  animal  be  ansesthetised  or  unanaesthetised  or 
cujarised. 

I  give  here  two  examples,  in  both  of  which  the  dog  was  partially 
curarised. 

\o  Feb.  1878.  Terrier  bitch  quite  young,  weight  7^  kilo.  Extensor 
vein  prepared  on  both  sides ;  ligature  placed  under  left  crural  nerve.     Mor- 

*  M6mmre  luhla  SociiU  de  Biologie,  4  Ifaroh,  1876. 
t  Pfliiger'a^rcWc;,  Vol  xv  p.  676. 
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phia  and  curare  given.  Artificial  respiration.  See  PL  ix.  Fig.  1.  Sample  of 
rate  of  flow  was  now  taken,  there  flowed  out  in  successive  5  seconds 

0-65,  0-55,  0-45,  0-45,  0-45,  05  cc. 

Tho  flow  was  turned  towards  hearty  cannula  washed  out,  and  nerve  exposed 
ready  for  cutting.  Flow  again  measured,  and  while  the  blood  was  flowiug 
the  nerve  was  cut.     At  the  section  the  slightest  trace  of  contraction. 

nerve  out 
0-7,  0-9,  I  07,  1-4,  3-0,  7-01,  69,  6-8?,  6-25,  4-6,  3-525,  29, 
2-375,  1-875,  1625,  1-375,  1-2,  10,  0-85,  075,  0-7,  0*6,  05  cc. 

The  blood  now  flowed  to  the  heart  for  8  minutes,  during  which  the  cannula 
was  washed  out,  without  any  sign  of  coagulation,  and  the  end  of  nerve  was 
ligatured.     The  rate  of  flow  then  gave 

0'5,  0-4,  0*35,  0*35  cc.  in  successive  5  seconds. 

31  Jan.  1878.  Dog,  weight  8  kilo.  Morphia  and  curare.  Artificial 
respiration.  Eight  extensor  vein  and  right  crural  nerve  prepared.  See 
Fig.  2,  PL  IX.     Blood-flow  turned  into  cannula  gave  for  successive  5  seconds 

0-2,  0-175,  0-15,  0-175,  0-125,  0-15,  0125,  015  cc. 

Flow  now  turned  to  heart  for  2i  minutes  and  cannula  washed  out;  then 
again  measured,  and  nerve  cut  while  blood  was  flowing.  The  section  caused 
the  slightest  trace  of  contraction. 

0-2,  0-2,  0-175,  0-175,  0-15,  015,  0-15,  0-1,  0175,  0-225,  0-1, 

nerve  cut 
015,  0175,  0-075,  |  0-275,  0-225,  0-475,  1-35,  3-375,?,  2-85,  2-1, 
1-35,  1-25,  1-05,  0-925,1,  0-7,  0-55,  045,  0-425,  0-375,  0-35,0-325, 
0-275,  0-225,  0-25,  0-175,  0-25,  02,  025,  02  cc. 

The  flow  was  now  turned  towards  heart  for   21  minutes,  and  the  cannula 
washed  out ;  more  curare  was  also  given. 
The  rate  of  flow  then  gave 

0-225,  0-225,  0-225,  0-15,  0-2,  02,  02,  0-2  cc. 

From  these  two  examples,  which  are  typical  of  the  eflfect  of  section, 
it  is  seen  that  in  each  case  the  maximum  of  flow  is  reached  very  quickly 
about  20  seconds  after  the  section,  that  in  the  one  case  the  rate  is  then 
9  times,  in  the  other  18  times  as  great  as  before  the  section,  and  that 
the  normal  rate  is  recovered  in  the  one  case  1  minute  35  seconds,  and 
in  the  other  2  minutes  after  section. 

Two  objections  may  possibly  be  made  to  these  experiments :  firstly, 
it  might  be  asserted  that  the  outflow  becomes  less  and  less  because 
the  blood  tends  to  coagulate;  and  secondly,  that  the  amount  of  blood 
lost  is  sufficient  to  account  for  the  rapid  recovery  to  the  normal  rate 
of  flow.  One  reason  against  the  second  objection  is,  that  the  amount 
of  blood  lost  is  not  sufficient  to  alter  the  blood-pressure  as  measured  in 
the  carotis;  and  both  objections  are  shown  to  be  groundless  by  the  fact, 
that  the  normal  rate  of  flow  returns  in  the  same  time  after  the  section, 
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even  when  the  blood  is  not  permitted  to  flow  from  the  vein.  The  fol- 
lowing experiment  shows  this. 

April  1,  1878.  Bull  terrier  bitch,  weight  9  kilo.  Morphia  iimd  chloroform. 
Left  extensor  vein  and  left  crural  nerve  prepared.  Animal  quiet.  Sample 
of  flow  taken : 

0*75,  0*775,  0*7,  0*7  oc.  in  successive  5  seconds. 

Flow  turned  towards  heart,  cannula  washed  out,  and  the  nerve  cut,  while 
blood  still  flowed  towards  heart  The  section  caused  strong  contraction  of 
muscles  and  violent  action  of  the  abdominal  expiratory  muscles,  which  lasted 
only  a  short  time,  and  then  auimal  remained  perfectly  quiet.  Five  minutes 
after  the  section,  the  animal  being  still  quiet,  the  following  was  the  rate  of 
flow: 

0*8,  0*8,  0-775,  0*76,  0*8  cc. 

This  experiment  shows  that  the  difference  between  the  rate  of  flow 
before  section  and  5  minutes  after  section  was  so  slight,  as  to  fall  within 
the  normal  variations  of  the  rate  of  flow,  so  that  in  this  case,  as  in  all 
other  examples,  the  normal  rate  was  regained  in  probably  between 
2 — 4  minutes  after  section,  although  there  was  no  loss  of  blood  after  the 
section  of  the  nerve. 

IL  Section  of  the  abdominal  sympathetic  trunk  also  causes  ^  tem- 
porary, not  a  permanent,  increase  of  flow  from  the  extensor  vein. 

Before  describing  a  typical  experiment  it  is  necessary  to  make  a 
few  observations  upon  the  method  of  manipulation.  In  the  first  place, 
as  to  the  anatomy  of  the  abdominal  sympathetic  in  its  relations  with 
the  crural  nerve. 

The  crural  nerve  arises  with  the  obturator  almost  exclusively  from 
the  4th  and  5th  lumbar  roots,  the  3rd  lumbar  supplying  only  a  small 
branch,  and  after  their  exit  from  the  spinal  foramina  these  two  branches 
are  joined  each  by  a  well-defined  sympathetic  branch,  which  springs 
from  the  ganglion  of  the  sympathetic  trunk  lying  on  the  corresponding 
vertebra.  Branches  therefore  from  the  4th  and  5th  lumbar  sympa* 
thetic  ganglia  accompany  directly  the  crural  and  obturator  nerves. 
For  this  reason  then  it  is  of  no  use  to  cut  the  abdominal  sympathetic 
trunk  at  the  division  of  the  aorta,  as  in  Ostroumoff's  and  Heiden- 
hain's  experiments,  but  it  must  be  cut  much  higher  up,  above  the 
4th  lumbar  ganglion ;  an  unfortunate  circumstance,  as  this  operation  is 
more  difficult  than  at  the  division  of  the  aorta. 

In  the  second  place,  as  to  the  method  of  making  the  section.  I  at 
first  attempted  to  cut  the  nerve  above  the  4th  lumbar  ganglion  by 
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means  of  a  very  fine  steel  wire  after  Heidenhain's  *  method ;  the  steel 
wire  was  passed  under  the  nerve,  so  as  to  form  a  loop,  and  then  through 
a  glass  tube  flattened  at  its  end,  and  shaped  so  as  not  to  press  on  the 
nerve  until  the  wire  was  tightened ;  at  a  given  time  the  wire  was  forci- 
bly pulled  through  the  tube,  and  the  nerve  thus  cut  or  rather  torn 
through.  For  reasons  which  will  appear  later  on,  I  did  not  curarise 
the  animal,  but  gave  morphia  and  chloroform  only;  and  the  deep 
quick  respirations,  the  strong  movements  of  various  muscles,  showed 
plainly  enough  that  tearing  through  the  nerve  in  this  manner  was  by 
no  means  equivalent  to  a  simple  section^  and  that  therefore  it  would 
not  be  fair  to  consider  the  variations  in  the  blood-flow  that  occurred 
as  the  results  of  the  section  only. 

In  order  then  to  cut  the  nerve  more  satisfactorily  I  placed  under  it 
a  piece  of  thick  gutta-percha,  which  was  held  tight  against  the  end  of 
a  brass  tube  by  means  of  ligatures  fastened  to  the  tube;  to  prevent  the 
nerve  being  pressed  upon  by  the  tube,  a  groove  was  cut  in  the  end  of 
it,  so  that  the  nerve  could  lie  freely  on  the  gutta-percha;  inside  the 
tube  a  knife  was  made  to  slide  up  and  down,  and  so  arranged  that  at 
any  moment  it  could  be  pressed  down  suddenly  through  the  nerve, 
and  into  the  gutta-percha  up  to  a  certain  depth.  The  following  experi- 
ment gives  the  result  of  the  use  of  this  instrument.    See  Fig.  3,  PL  IX. 

4  March,  1878.  Spaniel  bitch,  weight  13*75  kilo.  Morphia  and  chloro- 
form. Throughout  the  animal  remained  perfectly  quiet  and  imconscious. 
The  cannula  was  placed  in  the  left  extensor  vein  and  a  sample  of  the  rate 
of  flow  taken.  As  the  figure  shows,  this  varied  between  0*7  and  0*85  cc. 
The  abdomen  was  now  opened  in  the  middle  line,  and  the  cutting  apparatus 
placed  over  the  nerve ;  this  operation  was  performed  very  quickly  and 
without  causing  any  disturbance ;  the  wound  in  the  abdomen  was  then 
sewed  up  and  the  cannula  re-adjusted  in  the  vein,  and  another  sample  of 
rate  of  flow  taken ;  this  was  foimd  to  vary  between  0*7  and  0*9  cc.,  so  that 
the  opening  of  the  abdomen  had  not  in  this  case  caused  any  variation  in 
the  rate  of  flow.  While  the  blood  was  still  running  from  the  vein,  the 
knife  was  pressed  down  and  the  abdominal  sympathetic  cut;  the  animal 
remained  quiet,  no  movements  were  caused  by  the  section. 

As  is  seen  in  the  figure,  the  rate  of  flow  40  seconds  after  the  section  had 
reached  its  maximum,  and  was  then  6*75  cc.,  that  is,  was  9  times  as  rapid 
as  before  the  section.  When  the  blood  had  run  out  for  65  seconds  after  the 
section,  the  rate  being  then  5*3  co.,  the  flow  was  turned  towards  the  heart 
and  the  cannula  washed  out. 

Three  minutes  after  the  section  a  fresh  sample  of  rate  of  flow  was  taken, 
and  it  was  then  found  to  vary  between  0*85  and  0*9  cc.,  showing  that  the 
blood-flow  had  now  regained  its  former  rate. 

Upon  dissection  it  was  found  that  the  nerve  was  not  quite  cut  through ; 

*  hoc,  eit,  p.  15. 
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it  was,  however,  pressed  deep  into  the  gutta-percha,  and  the  two  pieces  were 
so  slightly  connected  that  I  have  not  the  least  douht  but  that  the  section 
was  an  efficient  one.  The  nerve  was  rightly  cut  above  the  fourth  lumbar 
ganglion. 

This  experiment  shows  that  the  section  of  the  abdominal  sympa- 
thetic causes  the  same  effect  as  the  section  of  the  crural  nerve,  and 
that  in  each  case  the  increase  of  flow  through  the  muscle  is  temporary, 
not  permanent,  that  the  maximum  increase  is  reached  in  from  20  to 
40  seconds  after  the  section,  and  that  the  whole  increase  is  over  and 
gone  in  from  2  to  4  minutes  after  the  section. 

I  consider  the  above  experiment  to  be  the  most  trustworthy  of  any 
similar  experiments  that  I  have  yet  made,  because  the  animal  remained 
quiet  the  whole  time,  because  the  apparatus  above  described  was  used 
to  make  the  section,  and  because  the  whole  of  the  necessary  operations 
were  done  quickly.  '  This  last  reason,  viz.,  the  quickness  of  the  opera- 
tion, is,  it  seems  to  me,  an  important  factor  in  all  experiments  upon  the 
abdominal  sympathetic ;  if,  for  any  reason,  such  as  movements  of  the 
animal,  fulness  of  the  stomach,  or  a  large  quantity  of  fat  over  the  sym- 
pathetic trunk,  &c.,  the  abdomen  has  been  opened  for  any  length  of 
time,  and  the  intestines  &c.  have  necessarily  been  considerably  dis- 
turbed, then,  even  without  a  section  of  the  nerve,  the  blood-flow  from 
the  muscle  vein  is  greatly  increased ;  and  not  only  so,  but  the  rate  of 
flow  remains  much  greater  than  the  normal  for  a  considerable  length  of 
time,  so  that  it  is  no  longer  possible  to  feel  sure  how  far  any  increase  of 
flow  is  due  to  the  section  of  the  nerve,  and  how  far  to  the  manipulation 
preparatory  to  that  section.     The  following  example  is  a  case  in  point 

Feb.  25,  1878.  Mongrel  greyhound,  weight  28  kilo.  Morphia  and 
chloroform.  Left  extensor  vein  used  and  normal  flow  taken.  The  rate  of 
flow  was  then 

50,  5-5,1,  5-3,  4-8,  5-3,1,  50,  49,  52  cc. 

Flow  tamed  to  heart,  cannula  washed  out,  and  another  sample  of  flow 
taken.     The  rate  was  then 

4-8.  1,  4-7,  4-6,  4-7  cc. 

The  abdomen  was  now  opened  in  the  middle  line,  and  a  thin  wire  passed 
under  left  sympathetic  above  fourth  lumbar  ganglion  ;  although  the  animal  was 
quiet,  the  operation  was  difficult,  and  lasted  some  time,  owing  to  the  presence 
over  the  psoas  muscle  and  the  sympathetic  trunk  of  a  layer  of  fat,  which  bled 
freely  on  being  cut  through.  The  wire  was  passed  through  a  glass  tube 
which  was  held  in  position  over  the  nerve,  but  which  did  not  press  on  the 
nerve.  The  abdomen  was  then  sewed  up,  the  cannula  in  femoiul  vein  re- 
adjusted, and  the  following  rate  of  flow  olMserved;  the  animal  remained  quiet, 
and  the  flow  began  about  twenty  minutes  after  the  steel  wire  had  been  placed 
under  the  nerve. 
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11-8,  I,  120,  I,  ?,  11-0,  110,  ?,  10-5,  ?,  10-8,  10-6,  ?, 
10-7,  %  10-5,  1,  ?,  ?,  9-8,  ?,  9-6,  %  9-2  cc. 

The  flow  was  now  turned  towards  the  heart  for  eight  minutes,  and  the 
cannula  washed  out.  On  again  allowing  the  blood  to  run  into  measuring  tube 
there  flowed  out 

8-8,  %  8-8,  8-6,  I,  8-0,  8-0,  1,  8-1,  7-9,  1,  %  7-3,  7*2,  ?,  6-85, 
6-65,  1,  6-6,  6-4  cc. 

At  this  moment  the  nerve  was  cut  by  means  of  the  wire,  the  animal  being 
quiet  at  the  time;  the  section  caused  violent  respiratory  action  and  movements 
of  all  parts  of  the  body,  which  lasted  some  time;  the  continuation  of  the 
measurement  of  flow  gave 

8-6,  %  8-95,  8-15,  ?,  7-65,  6-95,  6-6,  1,  %  4*8,  42,  3-9,  37, 
1,  3-85,  3-55,  3-6,  33  cc. 

This  experiment  is  suflScient  to  show  why  it  often  happens  that  the 
rate  of  flow  is  decidedly  increased  some  time  after  the  sympathetic  has 
been  cut,  although  this  is  not  the  case  after  the  section  of  the  crural 
nerve ;  the  manipulation  alone  entailed  by  the  section  of  the  nerve,  and 
the  placing  of  it  in  tube  electrodes,  is  suflficient  to  cause  a  more  or  less 
lasting  increase  of  flow;  an  increase  which  is  very  much  more  perma- 
nent than  is  ever  found  after  section  of  the  crural,  or  indeed  after  section 
of  the  sympathetic,  when  that  section  has  been  performed  under  favour- 
able circumstances. 

I  therefore  think  that  the  section  of  the  abdominal  sympathetic 
above  the  4th  lumbar  ganglion  causes  only  a  temporary  increase  of  flow 
similar  to  what  is  seen  upon  the  section  of  the  crural  nerve,  as  is  shown 
in  Fig.  3 ;  for,  in  that  experiment,  the  effects  of  the  section  only  are 
manifested,  the  animal  remained  quiet  throughout,  the  necessary  opera- 
tions were  performed  quickly  and  without  causing  much  disturbance, 
and  after  the  abdomen  was  sewed  up  the  rate  of  flow  was  the  same  as 
l)efore. 

The  effect  of  section  of  the  crural  nerve  after  the  abdominal  sympa- 
thetic has  been  cut,  I  will  discuss  later  on,  as  it  is  advisable  flrst  to 
make  sure  about  the  action  of  curare  and  of  central  stimulation  upon 
the  blood-flow. 

III.  Stimulation  of  the  peripheral  end  of  the  muscle  nerve  in  the 
dog  causes  an  increase  of  blood-flow  through  the  muscle  because  dilator 
fibres  are  stimulated;  and  this  increase  is  absent  in  the  case  of  the 
thoroughly  curarised  animal  because  the  curare  paralyses  these  fibres. 

In  the  case  of  the  non-curarised  animal,  stimulation  of  the  nerve 
causes  not  only  a  great  increase  of  blood-flow  but  also  a  tetanus  of  the 
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moacles ;  and  the  difficulty  of  determining  the  true  cause  of  the  in- 
creased flow  arises  from  the  fact,  that  one  is  not  able  to  say  with  cer- 
tainty what  effect  the  contraction  of  the  muscles  per  se  may  have  upon 
the  blood-flow  through  them.  Three  solutions  seem  to  me  possible; 
1st,  the  increased  flow  may  be  due  to  the  after  effect  of  the  obstruction 
to  the  circulation  caused  by  the  contracted  mass  of  muscle;  for  any 
hindrance  to  the  circulation  through  an  organ  is  followed  by  an  in- 
creased flow  of  blood  through  that  organ,  as  Mosso  has  shown  by 
means  of  his  plethysmograph  for  the  circulation  in  the  fore-arm  and 
through  the  excised  kidney ;  2ndly,  it  may  be  due  to  chemical  changes 
set  up  in  the  walls  of  the  vessels  in  consequence  of  the  presence  of  the 
products  formed  by  the  contraction ;  and  3rdly,  it  may  be  due  to  direct 
nervous  action  on  the  vessels  themselves,  i,e,  to  the  direct  excitation  of 
dilator  nerves. 

In  order  somewhat  to  test  the  first  of  these  hypotheses  I  have  com- 
pared the  effect  of  stopping  the  flow  from  the  muscles  by  clamping  the 
femoral  vein  both  above  and  below  the  orifice  of  the  extensor  vein ;  of 
preventing  the  flow  into  the  muscles  by  clamping  the  femoral  artery 
above  the  exit  of  the  extensor  arteries,  and  of  hindering  the  flow 
through  the  muscles  by  the  contraction  of  the  muscles  themselves. 

Figs,  4,  6  and  6,  PL  ix.,  give  examples  of  these  three  operations  respectively. 
In  order,  however,  to  show  the  differences  between  the  three  most  clearly,  I 
will  give  as  well  the  numbers  from  which  these  figures  are  taken.  Figs. 
4  and  5  are  taken  from  the  same  experiment ;  the  dog  was  under  mor[)hia ; 
and  Fig.  4  was  obtained  directly  after  Fig.  5,  the  cannula  having  been  washed 
out  and  the  flow  turned  towards  the  heart  for  1  minute  after  the  termination 
of  Fig.  5.  In  Fig.  6  the  crural  nerve  had  been  cut,  and  the  effect  of  the 
section  on  the  blood-flow  measured  ;  then  long  after  the  flow  had  reached  the 
normal  rate,  21  minutes  after  the  section.  Fig.  6  was  obtained. 

The  numbers  represent  the  rate  of  flow  in  cc.  eveiy  successive  5  seconds. 

Effect  of  clamping  the  vein  for  25  seconds.     See  Fig.  4. 
vein  clamped 

0-7,  0-625,  0-675  [  0,  0,  0,  0,  0,  |  1-725,  0-95,  0-8,  0-675,  0-675,  0-675  cc. 

If  we  take  the  whole  amount  of  flow  from  the  beginning  of  the  clamping 
to  the  time  when  it  was  again  normal,  we  find  that  4*85  cc.  of  blood  flowed 
out  in  50  seconds,  during  the  first  25  of  which  the  blood  was  prevented  from 
flowing  by  the  clamping  of  the  vein.  During  the  same  time  at  the  normal 
rato  6*5  cc.  of  blood  would  have  flowed  out. 

Effect  of  clamping  the  femoral  artery  for  1  minut&     See  Fig.  6. 

artery       clamped 
0-775,  0-75,  0-775,  0-8,  075,  [  0-5,  0-3,  0-275,  0-225,  0-175,  0-225,  0-175, 
0-25,  0175,  0175,  02,  |  2-3,  235,  2-05,  1-775,  1-4,?,  M25,  1-05,  09,  0-9, 
0-8,  0-75,  0-7  ca 
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Therefore,  during  the  two  minutes  from  the  beginning  of  the  clamping,  i,e, 
up  to  the  time  when  the  normal  flow  had  again  been  reached,  the  outflow  of 
blood  amounted  to  19'0  cc.  During  the  same  time  the  amount  at  the  normal 
rate  would  have  been  18*6  cc. 

Effect  of  stimulating  the  nerve  so  as  to  cause  a  strong  tetanus  lasting  four 

seconds.     See  Fig.  5. 

tetanuB 
0-875,  0-825,  0-875,  0-85,  1,  ?,  0-725,  |  07  |  4-65,  6925,  795, 
5-8,  3-85,  2-75,  1-95,  1-25,  10,  0775  ca 

Neither  in  the  figure  nor  in  these  measurements  have  I  given  the 
outspurt  which  occurred  at  the  beginning  of  the  tetanus,  but  simply  the 
whole  amount  of  blood  which  poured  out  in  the  5  seconds  during  the  first 
4  of  which  the  muscles  were  tetauised,  i.e.  0*7  cc.  We  see  then  that  during 
55  seconds  from  the  beginning  of  the  tetanus,  which  lasted  during  the  first 
4  seconds  of  this  period,  the  whole  amount  that  poured  out  was  37-6  ca 
During  the  same  period,  at  the  normal  rate,  only  9-1  cc.  would  have  flowed 
out. 

From  these  three  examples  it  is  seen  that  the  increase  of  flow  due 
to  obstruction  is  counterbalanced  by  the  diminution  of  flow  during  the 
obstruction,  when  the  flow  is  hindered  by  the  clamping  of  the  vein  or 
the  artery;  while,  on  the  other  hand,  no  such  relation  holds  good  when 
the  obstruction  is  caused  by  the  tetanus  of  the  muscles,  the  increase 
of  flow  in  this  case  overbalancing  to  an  enormous  extent  the  diminution 
during  the  tetanus.  Of  course  I  do  not  suppose  that  the  circulation 
in  the  muscles  is  absolutely  stopped  when  the  femoral  artery  or  vein  is 
clamped ;  the  anastomoses  with  the  vessels  of  the  skin  and  with  the  ter- 
minations of  the  profunda  artery,  &c.  are  always  sufficient  to  allow  a 
certain  amount  of  collateral  circulation ;  still  Fig.  6  shows  that  the  col- 
lateral circulation  is  but  small  when  the  femoral  artery  is  clamped,  and 
in  fact,  the  rate  of  flow  obtained  in  this  case  during  the  clamping  is  no 
greater  than  is  often  seen  to  occur  during  a  shortly  lasting  strong  teta- 
nus of  the  muscles.  Further,  if  the  tetanus  of  the  muscles  in  conse- 
quence of  stimulation  of  the  crural  nerve  lasts  as  long  as  a  minute,  it 
is  always  found  that  during  the  last  part  of  the  stimulation  the  rate  of 
flow  is  very  decidedly  greater  than  the  rate  before  the  beginning  of  the 
stimulation,  even  though  the  tetanus  has  continued  in  full  strength 
during  the  whole  time;  a  fact  which  shows  that  the  clamping  of  the 
femoral  artery  is  a  more  efficient  hindrance  to  the  circulation  through 
the  muscles,  than  a  tetanus  of  the  same;  for,  in  the  example  given  of 
the  effect  of  clamping  the  artery,  it  is  seen  that  the  rate  of  flow  at  the 
end  of  the  clamping,  which  lasted  one  minute,  was  still  only  \  th  of 
the  rate  before  the  artery  was  clamped. 

Again,  if  the  increase  of  flow  were  due  to  obstruction  in  consequence 
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of  the  contraction  of  the  muscles,  it  seems  unlikely  that  a  single  con- 
traction should  be  able  to  produce  any  measurable  effect;  yet  upon 
stimulation  of  the  nerve  with  a  single  induction  shock,  a  decided  in- 
crease of  flow  was  produced  after  the  momentary  contraction  of  the 
muscles.  See  Fig.  7,  PI.  ix.  Clearly  then  the  increase  of  flow  upon 
stimulation  of  the  crural  nerve  is  not  due  to  the  mere  effect  of  obstruc- 
tion to  the  circulation  caused  by  the  tetanus  of  the  muscles. 

It  is  more  difficult  to  decide  between  the  hypothesis  of  dilator  fibres 
and  that  of  chemical  action  due  to  contraction,  but,  as  I  have  already 
said  in  my  former  paper,  the  first  of  these  two  seems  to  me  to  be  prefer- 
able, especially  as  my  experiments  on  the  mylohyoid  muscle  of  the  frog 
seem  clearly  to  point  to  the  presence  of  dilator  fibres. 

Finally,  I  consider  that  in  our  present  state  of  knowledge  the  hypo- 
thesis of  dilator  fibres  will  explain  more  easily  than  that  of  chemical 
action  the  fact,  that  it  is  possible  to  obtain  a  marked  increase  of  flow 
without  any  visible  contraction  of  the  muscles,  if  so  small  a  dose  of 
curare  be  given  as  just  to  paralyse  all  muscular  action.  It  is  difficult  to 
be  sure  of  obtaining  this  effect,  for  if  too  large  a  dose  be  given,  then  the 
increase  of  flow  disappears  as  well  as  the  contraction  of  the  muscles,  and 
if  too  small  a  dose,  then,  although  the  increase  is  manifest,  there  is  at 
the  same  time  a  trace  of  muscular  contraction. 

The  fact  that  curare  paralyses  dilator  nerves,  while  leaving  the  con- 
strictors intact,  is  no  new  one ;  thus,  in  the  case  of  the  chorda  tympanic 
a  large  enough  dose  of  curare  will  prevent  the  stimulation  of  it  pro- 
ducing any  effect,  although  at  the  same  time  the  sympathetic  is  still 
active,  and  v.  Frey*  found  that  a  dose  of  curare  just  sufficient  to  pre- 
vent muscular  contraction,  although  it  did  not  entirely  stop  the  action 
of  the  chorda  on  the  blood-flow  in  the  submaxillary  gland,  yet  greatly 
diminished  that  action.  Again,  Eckhard"!*  says  expressly^  that  stimu- 
lation of  various  parts  of  the  cord  produces  no  erection  whatever,  as 
soon  as  sufficient  curare  has  been  given  to  just  paralyse  all  muscular 
action,  but  instead,  that  there  is  a  diminution  of  flow  from  the  cut 
surface  of  the  corpora  cavernosa,  during  the  stimulation ;  a  case  very 
similar  to  the  one  under  consideration.  It  is  then  no  incredible  as- 
sumption, that  in  the  present  case  the  dilator  nerves  are  paralysed 
as  well  as  the  motor  ones. 

Before  describing  the  separate  experiments  it  is  better  to  mention 
the  electrical  arrangement  used  for  stimulation ;  at  first  I  made  use  of 

♦  Ludwig'Bii(r6eit«n,  1876. 

+  Eokhard'B  Beitrdge,  Vol.  vn.  p.  67. 
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an  ordinary  du  Bois-Reymond  induction  coil  with  the  core  not 
taken  out,  worked  by  a  single  Daniell  cell,  and  afterwards  the  arrange- 
ment with  tuning-fork  tod  capillary  contact,  described  in  Langley's 
paper  in  the  first  number  of  this  Journal.  In  every  experiment,  as 
an  indication  of  the  strength  of  stimulation  used,  I  will  give  the  dis- 
tance of  the  secondary  from  the  primary  coil  in  millimetres  at  which 
the  first  sensation  of  acidity  was  felt  when  the  electrodes  were  placed 
on  the  tip  of  the  tongue.  The  electrodes  used  were  either  naked  plati- 
num ones  or  Ludwig's  electrodes,  as  used  by  me  in  Leipzig,  or  else 
X-tube  electrodes,  as  used  by  Heidenhain  and  Ostroumoff. 

By  giving  successive  small  doses  of  curare  and  testing  the  contrac- 
tility of  the  muscles  at  intervals,  I  have  succeeded  in  various  instances 
in  obtaining  a  decided  increase  of  flow  upon  stimulation  of  the  crural 
nerve  with  strong  currents,  although  at  the  same  time  I  was  unable  to 
see  any  motion  of  the  muscles,  and  also  there  is  no  sign  on  the  curve  of 
flow  which  would  indicate  muscle  contraction.  I  give  an  example  of 
the  nature  of  this  action  of  curare. 

20  Feb.  1878.  Terrier  bitch,  weight  6  J  kilo.  Morphia  given.  Left  ex- 
tensor vein  prepared,  and  left  crural  nerve  cut  and  ligatured  at  4.2  p.m. 
Between  3.40  and  4.7  p.m.  0*015  grms.  curare  were  injected  into  jugular 
vein;  artificial  respiration.  Tuning-fork  arranged  to  make  and  break  con- 
tact, so  that  with  sec.  coil  at  75  mm.  the  first  sensation  of  acidity  was  given  to 
the  tongue.  At  4.28  p.m.  the  blood  was  allowed  to  run  into  the  measuring 
tube;  previous  trials  having  shown  that  the  muscles  did  not  contract  upon 
strong  stimulation  of  the  nerve.  There  flowed  out  in  successive  5  seconds 
(see  Fig.  8  a,  PL  ix.,  upper  curve)  : 

0-45,  0-45,  0-45,  0*375,  0-46  oc. 

The  key  was  now  put  down,  and  the  nerve  stimulated  for  20  seconds,  the 
sec.  coil  standing  at  30  mm.  from  the  primary.  There  was  no  visible  sign  of 
contraction  of  the  muscles,  and  the  continuation  of  the  measurement  of  flow 
which  was  not  interrupted  gave 

stimulation     seo.  coil  80  mm. 
I  0-375,  0-475,  055,  075,  |  0-975,  1-225,  1,  1-226,  1075, 
1-0,  0-875,  0-775,  0-775,  07,  075,  0-65,  0-6  oc. 

The  effect  of  the  stimulation  then  was  to  cause  a  steady  increase  in  the 
amount  of  outflow,  which  reached  its  maximum  15  seconds  after  the  end  of 
the  20  seconds  stimulation,  the  rate  being  then  2*5  times  as  great  as  before 
the  stimulation ;  the  increase  had  not  quite  disappeared  65  seconds  after  the 
end  of  the  stimulation.  - 

The  upper  half  of  the  nerve  was  now  crimped  (see  Fig.  8  6),  and  the  flow 
measured,  then  at  4.39  p.m.  0  015  grms.  curare  were  injected,  and  at 
4.57  p.m.  the  blood-flow  again  measured,  the  animal  having  lost  by  this 
time  40  cc.  of  blood. 
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The  followiDg  are  the  numbers  obtamed  (see  Fig.  8  a  dotted  curve) : 

0-45,  0-425,  0-425,  0-425  cc. 

The  lower  part  of  the  nerve  was  now  stimulated  for  the  same  time  as 
before  (20  seconds),  with  the  same  strength  of  stimulation  (sec.  coil  at  30  mm.) 
without  interrupting  the  flow  of  blood.  Thei*e  was  no  sign  of  any  contraction 
of  the  muscles ;  the  continuation  of  the  flow  gave 

I  0-45,  0-45,  0-475,  0-6,  |  0525,  0-525,  ?,  045,  045,  0-425,  0-425, 
0-375,  0-425,  0-325,  0-325,  0-325  cc. 

The  effect  then  of  doubling  the  amount  of  curare  injected  was  to 
diminish  very  greatly  the  maximum  of  the  increase  of  flow  caused  by 
the  stimulation,  and  also  to  shorten  very  markedly  the  length  of  time 
that  increase  lasted. 

As  one  would  expect,  if  curare  really  paralyses  the  dilator  fibres,  the 
increase  is  slight  in  comparison  to  what  is  seen  in  the  uncurarised  ani- 
mal, and  it  requires  a  strong  stimulation  to  cause  even  this  slight  effect. 

A  possible  objection  which  might  be  made  to  this  and  similar  expe-> 
riments  is,  that  the  increase  observed  was  due  to  an  increase  of  blood- 
pressure  owing  to  an  escape  of  current  on  to  sensory  nerves;  apart 
however  from  the  fact  that  due  precautions  were  taken  to  prevent  any 
escape  of  current,  the  fact  that  the  increase  is  less  when  more  curare 
is  given,  as  the  dotted  curve  in  Fig.  8  a  shows,  or  even  is  absent  alto- 
gether, tends  to  disprove  this  objection ;  for  the  rise  of  blood-pressure, 
as  is  well  known,  occurs  on  stimulation  of  a  sensory  nerve,  when  the 
animal  is  thoroughly  curarised.  All  doubt  however  of  the  matter  is  at 
once  set  at  rest  by  using  mechanical  instead  of  electrical  stimulation. 

If  in  a  slightly  curarised  animal  the  crural  nerve  be  crimped,  after 
the  method  of  Goltz,  from  the  point  of  section  peripherally,  then  each 
cut  causes  a  contraction  of  the  muscles  and  the  curve  of  flow  shows  an 
increase  during  the  stimulation,  which  is  interrupted  by  the  several 
outspurts  of  the  successive  contractions ;  this  is  followed  after  the  end 
of  the  crimping  by  a  steady  rise  of  the  curve.  If  more  curare  be  given, 
so  that  the  effects  described  above  are  obtainable  on  electrical  stimula- 
tion of  the  nerve,  then  the  crimping  causes  a  steady  rise  without  any 
sign  of  muscular  contraction.  (See  Figs.  8  6,  9,  and  10,  PL  IX.)  Fig.  8  h 
was  obtained  directly  after  the  upper  figure  in  Fig.  8  a,  the  blood 
.  having  been  allowed  to  run  to  the  heart  for  5  minutes  after  the  ter- 
mination of  the  latter  curve,  and  the  cannula  washed  out.  Further, 
if  more  curare  be  given  so  as  to  obviate  all  chance  of  even  impercep- 
tible contraction,  then  even  is  it  possible  to  obtain  a  slight  increase  of 
flow  with  crimping,  although  strong  electrical  stimuktion  is  ineffective. 
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This  one  would  expect,  as  in  all  probability  a  series  of  cuts  in  a  nerve 
causes  a  stronger,  stimulation  than  any  electrical  current  that  I  have 
yet  used. 

I  conclude  therefore  from  these  experiments,  that  the  increase 
of  flow,  caused  by  stimulation  of  the  crural  nerve  in  dogs, 
is  due,  as  in  the  frog's  muscle,  to  the  direct  excitation  of 
dilator  fibres,  and  that  the  difference  between  the  vessels 
of  the  muscle  and  of  the  skin  is,  that  in  the  former  the 
dilator  fibres  predominate,  in  the  latter  the  constrictors. 

IV.  At  the  same  time  it  can  be  shown  by  measurement  of  the 
blood-flow  in  a  thoroughly  curarised  animal  that,  as  Heidenhain  con- 
cludes from  his  experiments,  constrictor  fibres  also  are  present  in  the 
muscle  nerve.  In  the  first  place,  the  efiect  of  section  of  the  crural 
nerve  or  of  the  abdominal  sympathetic  in  the  curarised  animal  points 
strongly  to  a  removal  of  tonicity,  and  therefore  to  the  presence  of  con- 
strictor fibres ;  and  in  the  second  place,  stimulation  both  of  the  crural 
and  of  the  abdominal  sympathetic  causes  a  slight  diminution  in  the 
rate  of  flow,  when  the  animal  is  thoroughly  under  the  influence  of 
curare.  Here,  however,  a  difficulty  arises  due  to  the  method  of  experi- 
mentation ;  for,  in  consequence  of  the  progressive  loss  of  blood,  and 
perhaps  also  of  the  tendency  of  the  blood  to  coagulate,  if  allowed  to 
run  out  of  the  vein  for  any  length  of  time,  there  is,  as  a  rule,  a  very 
slow  continuous  diminution  in  the  rate  of  flow  during  the  course  of 
each  separate  experiment ;  so  that  it  is  always  open  to  doubt,  whether 
a  very  slight  diminution  in  the  rate  of  flow  during  a  stimulation  is 
really  due  to  the  stimulation,  or  whether  it  would  not  have  occurred  to 
the  same  extent  if  no  stimulation  had  been  present;  and  as  far  as  I 
have  been  able  to  see,  the  diminution  of  flow  due  to  the  stimulation  of 
the  nerve  is  always  very  slight  For  this  reason  I  am  unwilling  to 
conclude  that  the  stimulation  has  really  caused  constriction  of  the 
vessels,  unless  the  rate  of  blood-flow  returns  afterwards  at  least  to 
that  rate  which  existed  before  the  stimulation.  In  the  case  of  stimu- 
lation of  the  abdominal  sympathetic  nerve  in  the  thoroughly  curarised 
animal,  this  test  is  satisfied,  as  the  following  experiment  shows,  see 
Fig.  11,  PI.  IX. 

Feb.  18,  1878.  Large  sheep-dog,  weight  20-6  kilo.  Morphia  given, 
0*075  grms.  curare  injected  into  jugular  vein.  Abdomen  opened  in  middle  line, 
and  left  abdominal  sympathetic  trunk  cut  and  ligatured  above  the  fourth 
lumbar  ganglion,  and  the  peripheral  end  placed  in  i.-tube  electrodes;    the 
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abdomen  then  sewed  up  and  wadding  replaced ;  cannula  in  left  femoral  vein. 
Tuning-fork  used;  sec.  coil  at  70  mm.  gave  first  feeling  of  acidity  when  the 
electrodes  were  applied  to  the  tongue.     Artificial  respiration. 

The  figure  shows  the  effect  of  the  first  three  stimulations,  none  of  which 
caused  the  slightest  movement  in  the  animal ;  it  is  seen  from  it  that  the  sec. 
ooil  at  50  mm.  caused  a  decided  diminution  in  the  rate  of  flow,  which  was 
followed  after  the  end  of  the  stimulation  by  a  return  to  the  former  rate. 
Other  curves  in  the  same  experiment  and  in  other  experiments  show  the 
same  effect,  but  to  a  less  marked  extent. 

Stimulation  then  of  the  abdominal  sympathetic  trunk  above  the 
4th  lumbar  ganglion  causes  a  slight  constriction  of  the  vessels  of  the 
extensor  muscles  in  the  curarised  animal.  In  the  case  of  the  animal 
under  morphia  and  chloroform  alone  without  curare,  I  have  not  as 
yet  been  able  to  decide  what  is  the  exact  result  of  stimulation  of 
different  parts  of  the  sympathetic  trunk.  As  I  have  already  men- 
tioned, the  crural  nerve  is  supplied  by  two  well-defined  branches 
springing  from  the  4th  and  5th  lumbar  ganglia  of  the  sympathetic 
respectively,  and  therefore  I  have  endeavoured  to  ascertain  the  in- 
fluence of  each  of  these  branches  on  the  blood  supply  of  the  extensor 
muscles.  In  order  to  do  this,  I  cut  the  sympathetic  trunk  below  the 
3rd,  4th,  and  5th  lumbar  ganglia  and  placed  the  piece  of  nerve  in 
connection  with  the  4th  ganglion  in  one  of  the  X"*^^®  electrodes, 
and  that  in  connection  with  the  5th  ganglion  in  another;  I  then 
stimulated  these  two  separate  pieces  of  nerve  alternately  with  different 
strengths  of  current.  This  method  of  experimentation  has  however 
as  yet  not  given  sufficiently  trustworthy  results,  chiefly  because  owing 
to  the  absence  of  curare  the  slightest  movement  is  apt  to  shift  the 
position  of  the  electrodes  (even  though  the  upright  arm  of  the  X" 
tube  be  firmly  held),  and  therefore  to  make  any  result  obtained  a 
doubtful  one;  still  perhaps  it  may  be  worth  mentioning,  that  an 
analysis  of  the  curves  so  obtained  shows  that  in  the  majority  of  cases 
the  stimulation  of  the  nerve  in  connection  with  the  5th  lumbar 
ganglion  causes  a  very  slight  increase  rather  than  a  diminution  in  the 
rate  of  flow,  while  stimulation  of  that  piece  in  connection  with  the 
4th  lumbar  ganglion  always  causes  a  very  slight  diminution  in  the 
rate  of  flow  or  else  no  effect  at  all.  The  difference  in  the  rate  in  one 
direction  or  the  other  is  however  so  slight,  that  without  further  con- 
firmation I  am  not  inclined  to  attach  much  value  to  the  observations. 

The  whole  question  of  the  course  of  the  dilator  and  constrictor 
fibres  for  the  muscle  vessels  I  have  not  yet  been  able  to  work  out, 
and  must  leave  for  a  future  paper;  there  is  however  one  observation 
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to  which  I  have  aLready  referred  which  may  perhaps  tend  to  elucidate 
this  question. 

As  I  have  already  shown,  section  of  the  abdominal  sympathetic 
causes  a  great  increase  in  the  amount  of  blood  flowing  from  the' 
extensor  vein,  which  increase  is  not  lasting;  now  if  the  abdominal 
sympathetic  be  cut,  and  the  animal  be  thoroughly  curarised,  and  then 
when  the  flow  has  nearly  or  quite  recovered  its  original  rate  the  crural 
nerve  be  cut,  the  section  of  the  crural  produces  no  effect;  there  is 
no  contraction  of  the  muscles,  no  change  in  the  rate  of  flow ;  if  however 
the  animal  be  only  partially  curarised  and  then  the  crural  cut,  there 
is  on  section  some  muscular  contraction  and  at  the  same  time  a  slight 
increase  in  the  rate  of  flow ;  and  finally,  if  the  animal  be  not  curarised 
at  all,  but  under  the  influence  of  morphia  and  chloroform  alone,  then 
the  section  of  the  crural  produces  as  great,  or  nearly  as  great,  an  effect 
as  it  would  have  done  had  the  sympathetic  not  been  previously  cut. 
I  give  the  following  examples. 

March  4,  1878.  Spaniel  bitch,  weight  13|  kilo.  After  the  termination  of 
the  curve  given  in  Fig.  3,  0*06  grms.  curare  were  injected  into  the  jugular 
vein ;  artificial  respiration  was  performed,  and  the  left  ci-ural  nerve  was  laid 
free.  Thirty-one  minutes  after  the  end  of  the  curve  in  Fig.  3,  the  measure- 
ment of  the  blood-flow  began ;  there  flowed  out  in  successive  5  seconds, 

0-925,  0-95,  0-875  oc. 

The  crui'al  nerve  was  now  cut  without  interrupting  the  blood-flow  ;  there  was 
a  decided  contraction  of  the  muscle;  the  continuation  of  the  blood-flow 
measurement  gave 

1-55,  1-3,  1-2,  115,  ?,  0-975,  0-875,  0  775  cc, 
and  50  seconds  afterwards, 

0-85,  0-8,  0-775,  0-75,  0-825  cc. 

Of  the  1-55  cc.  which  poured  out  in  the  first  5  seconds  after  the  section, 
0-65  cc.  was  due  to  the  outspurt,  which  is  characteristic  of  the  contraction 
of  the  muscles,  and  which  lasted  0-75  seconds. 

This  example  shows  the  slight  increase  in  the  rate  of  flow  following 
section  of  the  crural  nerve  after  section  of  the  sympathetic  in  a  slightly 
curarised  animal. 

The  following  shows  the  effect  of  section  of  the  crural  after  section 
of  the  abdominal  sympathetic,  when  no  curare  has  been  given.  See 
Fig.  12,  PI.  IX. 

June  13,  1878.  Terrier  bitch,  weight  about  8  kilo.  Morphia  and  chloro- 
form.    Bjth  vagi  cut ;    thermometers   placed   between    erureus  and  vastus 
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intemus  muscles  on  each  side.     Manometer  in  connection  with  right  carotis ; 
right  extensor  vein  used  ;  wadding  over  abdomen  not  over  legs. 

After  some  experiments  upon  the  effect  of  stimulating  the  central  end  of 
the  vagus  upon  the  temperature  of  the  muscles  and  of  the  rate  of  flow  through 
them,  in  the  course  of  which  not  much  blood  was  lost,  the  abdomen  was 
of>ened  in  the  middle  line  and  the  right  abdominal  sympathetic  cut  above  the 
fourthlumbarganglion  without  taking  the  blood-flow.  The  temperature,  however, 
on  that  side  rose  2°  C,  showing  that  the  section  was  effective ;  the  abdomen 
was  then  sewed  up,  and  an  hour  afterwards  the  crural  nerve  on  that  side  cut 
with  the  effect  shown  in  the  figure.  Upon  section  of  the  nerve  there  was  a 
marked  contraction  of  the  muscles,  and  at  the  same  time  a  great  increase 
in  the  frequency  of  the  respirations,  the  expirations  being  very  forcible  and 
the  abdominal  muscles  brought  into  play ;  this  forced  respiration  lasted  some 
little  time,  about  20  seconds,  or  perhaps  rather  longer,  and  then  the  animal 
remained  quiet.  Subsequent  dissection  showed  that  the  abdominal  sympa- 
thetic had  been  rightly  cut. 

The  great  increase  in  the  rate  of  flow  in  this  case  is  certainly 
surprising;  the  curve  presents  much  the  same  appearance  as  in  the 
case  of  a  section  of  the  crural  alone  without  previous  section  of  the 
abdominal  sympathetic;  the  maximum  rate  is  reached  in  30  seconds 
after  section,  and  is  then  nearly  seven  times  as  great  as  before  section, 
and  the  previous  rate  of  flow  is  not  attained  until  about  2\  minutes 
after  the  section. 

The  question  naturally  arises,  How  far  can  this  great  increase  be 
due  to  the  forced  respiration  that  was  observed?  What  effect  does 
this  strong  action  of  the  abdominal  muscles  have  upon  the  circulation 
in  the  leg  ? 

Undoubtedly  this  action  of  the  muscles  of  respiration,  which  occurs 
upon  strong  stimulation  of  an  ordinary  sensory  nerve,  is  able  of  itself 
to  cause  a  marked  increase  in  the  rate  of  flow  through  the  muscles. 
The  following  experiment  shows  this.     See  Fig.  13,  PI.  IX. 

April  Ist,  1878.  Bull  terrier  bitch,  weight  9  kilo.  After  the  termination 
of  the  experiment  described  on  page  267,  the  saphena  branch  of  the  crural 
nerve  was  prepared  on  the  right  side  and  placed  on  the  electrodes,  and  twelve 
minutes  after  the  section  of  the  left  crural  nerve,  the  rate  of  flow  was  again 
measured  and  Fig.  13  obtained.  With  the  sec.  coil  at  120  mm.  and  100  nmi. 
no  marked  effect  was  produced  on  the  respiration,  and  also,  as  is  seen,  the 
rate  of  flow  was  not  altered;  when  however  the  sec.  coil  was  pushed  up  to 
the  50  mm.  mark,  rapid  forced  respiration  was  caused  which  lasted  as  long 
as  the  stimulation  lasted,  i.  e,  for  25  seconds,  without  of  course  any  contrac- 
tion of  the  extensor  muscles  of  the  side  on  which  the  blood-flow  was  being 
measured,  for  the  crural  had  been  cut  on  that  side  j  as  the  figure  shows,  the 
rate  of  flow  increased  immediately  this  forced  respiration  began,  and  10 
seconds  after  the  end  of  the  stimulation  had  reached  its  maximum ;  being 
then  rather  more  than  twice  the  rate  before  the  stimulation  began. 
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This  experiment  shows  that  the  strong  action  of  the  abdominal 
muscles  is  of  itself  able  to  produce  a  decided  increase  of  flow  from  the 
extensor  vein  ;  a  comparison  however  of  Figs.  12  and  13  seems  to  show 
that  the  section  of  the  crural  following  upon  section  of  the  abdominal 
sympathetic  causes  a  greater  increase  of  flow  than  is  explainable  by 
the  action  of  the  increased  respiration  alone ;  for,  although  in  each  of 
the  two  cases  the  expiratory  movements  caused  by  the  section  of  the 
ciiiral  and  the  stimulation  of  the  saphena  respectively  were  very  strong 
and  lasted  about  the  same  time,  yet  the  maximum  increase  of  the  rate 
of  flow  was  in  the  one  case  nearly  seven  times  as  great  as  the  normal 
rate,  in  the  other  a  little  more  than  twice  as  great ;  also  in  the  one 
case  the  increase  lasted  a  much  longer  time  than  in  the  other. 

In  order  to  test  this  question  further  I  performed  the  following 
experiment. 

June  17,  1878.  Dog,  weight  8  kilo.  Morphia  and  chloroform.  Ther- 
mometers between  muscles  in  each  leg.  Abdomen  opened  in  middle  line  and 
right  sympathetic  trunk  cut  at  2.14  p.m.  and  left  sympathetic  at  2.16  p.m., 
each  above  4th  lumbar  ganglion ;  in  each  case  the  temperature  rose  in  the 
extensor  muscles,  and  after-dissection  showed  that  the  nerves  were  rightly 
cut.  Afler  the  abdomen  had  been  sewed  up,  and  wadding  placed  over  it, 
the  left  extensor  vein  was  prepared  and  both  crural  nerves.  During  the 
cutting  of  the  sympathetic  nerves  the  animal  had  remained  quiet,  being  well 
under  morphia  and  chloroform.  At  3.46  p.m.,  i.e.  1^  hours  after  section  of  the 
abdominal  sympathetic  nerve,  the  first  tracing  in  Fig.  14,  PL  ix.,  was  taken; 
the  flow  was  then  turned  to  the  heart  for  3  minutes,  and  the  cannula  washed 
out,  and  then  the  curve  showing  section  of  the  left  crural  obtained.  Upon 
section  of  the  nerve  the  muscles  contracted  (the  outspurt  is  not  shown  in 
the  curve),  and  there  was  violent  forced  respiration,  which  lasted  some  time. 
After  the  termination  of  this  curve  the  flow  was  turned  to  the  heart  for 
15  minutes,  the  cannula  washed  out,  a  Httle  more  chloroform  given,  and  then 
the  blood-flow  again  measured,  while  the  crural  on  the  other  side,  that  is, 
the  right  crural,  was  cut;  again,  the  section  caused  violent  forced  respira- 
tion, which  was  perhaps  not  quite  so  violent  as  before,  and  which  commenced 
a  little  later  afl^er  the  section;  the  eflect  of  it,  however,  is  well  marked  on 
the  curve  of  flow. 

The  diflference  between  the  curves  showing  the  effect  of  section  of 
the  crural  on  the  two  sides  is  well  marked ;  a  much  greater  effect  is 
produced  by  the  section  of  the  nerve  on  the  same  side  as  the  measure- 
ment of  the  blood-flow ;  if  however  the  increase  of  flow  was  due  in  each 
case  simply  to  the  effect  on  the  respiration,  there  ought  to  have  been 
a  greater  similarity  between  the  two  curves;  for  the  only  difference 
between  the  effects  of  the  two  sections  is  upon  the  assumption,  that 
in  the  one  case  a  momentary  contraction  of  the  muscles  was  added  to 
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the  increase  of  respiration,  while  in  the  other  no  such  contraction  took 
place. 

The  similarity  between  Fig.  13  and  the  last  curve  in  Fig.  14  makes 
it  probable  that  either  curve  may  be  said  to  represent  fairly  the  effect 
of  the  increased  respiratory  action  alone  upon  the  flow  from  the 
muscles ;  while  the  resemblance  between  Fig.  12  and  the  middle  curve 
in  Fig.  14  enables  one  to  appreciate  the  extra  increase  of  flow  caused 
by  the  section  of  the  crural  nerve. 

I  conclude  then  from  these  experiments,  which  I  hope  however  to 
supplement  by  others,  that  section  of  the  crural  nerve  acts  as  a  strong 
stimulation  of  the  dilator  fibres  of  the  muscle  vessels,  provided  that 
these  fibres  are  not  paralysed  by  the  action  of  curare;  that  therefore 
when  the  crural  is  cut  the  increase  of  flow  caused  by  the  section  is  due 
to  two  causes,  first,  the  removal  of  tonicity,  and  secondly,  the  excitation 
of  dilator  fibres. 

The  first  of  these  may  be  studied  by  curarising  the  animal ;  for  the 
increase  of  flow  that  then  occurs  upon  section  of  the  nerve  is  due  to  the 
removal  of  tonicity,  because  the  dilator  fibres  are  not  capable  of  being 
stimulated.  On  the  other  hand,  the  second  cause  may  be  separated 
from  the  first  by  a  previous  section  of  the  abdominal  sympathetic, 
for  then  all  tonicity  due  to  central  action  is  removed  (otherwise  an 
increase  of  flow  ouffht  to  occur  in  the  curarised  as  well  as  in  the 
uncurarised  animal)  and  the  effect  produced  is  due  to  the  excitation 
of  the  dilator  fibres. 

From  the  foregoing  observations  and  experiments,  combined  with 
the  original  experiments  made  at  Leipzig,  I  conclude  that  in  the  dog  as 
in  the  frog,  the  vasomotor  system  for  the  muscles  consists  essentially  of 
dilator  nerve  fibres  :  nerves  which,  in  the  magnitude  of  their  action,  are 
quite  comparable  either  to  the  chorda  tympani  or  the  nervi  erigentes ; 
and  of  constrictor  fibres,  which  are  insignificant  in  comparison  to  the 
dilator,  but  which  are  manifested,  when  the  dilators  are  put  but  of  play 
by  the  action  of  curare.  And  here  I  may  best  make  a  remark  upon  an 
objection  of  Heidenhain's*,  where  he  says,  that  I  am  inclined  to 
apply  the  results  of  my  experiments  upon  the  mylohyoid  muscle  in  the 
frog  to  the  case  of  the  circulation  in  the  muscles  of  the  dog ;  and  he  ob- 
jects to  any  application  of  this  sort  because  the  laws  of  the  innervation  of 
the  vessels  are  different  in  the  cold-blooded  animals  and  in  mammals, 
owing  especially  to  the  fact,  that  in  the  latter  there  is  a  necessity  for 

*  Loc,  cil.  p.  46. 
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a  complicated  temperature-regulating  machinery,  which  is  wanting  in 
the  former.  This  objection,  no  doubt,  applies  with  considerable  force, 
when  the  vascular  system  under  consideration  is  essentially  concerned 
in  the  regulation  of  the  bodily  temperature,  as  is  the  case  with  the  area 
of  the  skin ;  but  in  the  case  of  the  muscle,  as  well  as  that  of  a  gland, 
the  calls  made  upon  the  blood  supply  are  of  a  different  character.  The 
function  of  the  vascular  system  here  is  only  secondarily  the  regulation 
of  the  general  body  temperature :  its  primary  function,  its  chief  care, 
must  be,  to  regulate  itself  according  to  the  needs  of  the  muscle  or  gland 
in  question.  If  then  work  done  by  the  muscle  or  the  gland  necessitates 
a  greater  supply  of  nutrient  material,  either  for  the  purpose  of  con- 
tinuing that  work,  or  for  the  purpose  of  recovery  after  the  exhaustion 
entailed  by  the  work,  some  mechanism  for  the  provision  of  this  greater 
supply  is  sure  to  be  present,  whether  the  animal  be  cold  blooded  or 
warm  blooded ;  and  it  seems  to  me,  that  if  experiments  on  the  frog's 
muscle  show  that  the  increased  blood  supply  is  brought  about  by  the 
agency  of  dilator  nerves,  one  is  justified  in  believing  in  the  probability, 
that  the  increased  supply  seen  in  the  case  of  the  muscle  of  the  dog  is 
produced  in  the  same  way,  until  at  all  events  this  supposition  is  nega- 
tived by  direct  observation. 

V.  I  will  now  pass  to  the  question  of  what  is  the  effect  of  the  sti- 
mulation of  an  afferent  nerve  upon  the  blood-flow  through  the  muscle. 
As  yet  I  have  experimented  upon  only  three  kinds  of  afferent  nerves ; 
Istly,  upon  that  sensory  nerve  which  corresponds  to  the  motor  nerve  of 
the  muscle :  in  this  case  therefore  the  long  saphena  branch  of  the  crural 
nerve;  this  nerve  accompanies  the  femoral  artery  and  vein,  and  is  easily 
found  at  the  edge  of  the  sartorius  muscle,  either  just  above  the  knee  or 
a  little  below  the  orifice  of  the  extensor  vein ;  in  most  cases,  for  the 
sake  of  convenience,  I  stimulated  the  central  end  just  above  the  knee ; 
2ndly,  upon  some  more  remote  ordinary  afferent  nerve :  in  the  majority 
of  cases,  the  radial ;  and  Srdly,  upon  the  vagus  of  both  sides.  I  shall 
therefore  consider  the  effect  upon  the  blood-flow  of  the  stimulation  of 
the  central  ends  of  these  three  nerves,  in  the  animal  under  the  influ- 
ence of  morphia  and  chloroform  alone,  and  in  the  curarised  animal. 

Istly,  in  the  uncurarised  animal. 

A  moderately  strong  stimulation  of  either  the  saphena  or  radial 
nerves  may  cause  an  increase  of  blood-pressure,  a  contraction  of  various 
muscles,  among  others  possibly  the  quadriceps  extensor  group,  a  quick- 
ened  respiration  with  strong  action  of  the  abdominal  muscles,  and 
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finally,  a  marked  increase  in  the  rate  of  blood-flow  from  the  extensor 
vein.    ■ 

It  is  therefore  necessary  to  determine  whether  the  increase  of  blood  - 
flow  is  associated  with  any  one  of  these  three  simultaneously  occurring 
effects  of  the  stimulation,  more  than  another. 

In  the  first  place,  the  increase  of  blood-pressure  is  not  the  cause  of 
the  increased  blood-flow;  for,  as  Ostroumoff*  has  shown,  the  blood- 
vessels are  able  to  adapt  themselves  to  a  slight  increase  of  pressure 
when  their  nerves  are  intact ;  and  also  since  the  animals  were  always 
under  the  influence  of  morphia,  and  sometimes  of  chloroform  as  well, 
the  stimulation  of  the  nerve  sometimes  produced,  as  in  the  chloralised 
animal,  a  fall  rather  than  a  rise  of  blood -pressure,  and  yet  the  increase 
of  blood-flow  was  apparent ;  further,  a  rise  of  blood-pressure  may  occur 
on  vagus  stimulation,  and  yet,  as  will  be  shown  directly,  no  increase  of 
flow  be  produced.     See  Figs.  16,  18,  19,  PI.  ix.,  x. 

In  the  second  place,  as  I  have  already  shown,  the  violent  action  of 
the  expiratory  muscles  is  quite  suflScient  to  account  for  the  increase  of 
flow  observed,  however  that  effect  may  be  brought  about,  whether  by 
obstruction  of  the  venous  flow  to  the  heart,  as  Heidenhain  suggests*!*, 
or  by  some  other  method.  Yet  this  too  is  not  sufficient  any  more  than 
the  rise  of  blood-pressure  to  account  for  every  increase  of  flow  observed, 
for  if  the  stimulation  be  weak,  or  perhaps  when  the  animal  is  very 
thoroughly  narcotised,  the  stimulation  may  cause  hardly  a  trace  of 
alteration  in  the  respiration,  and  yet  a  mai'ked  increase  in  the  rate  of 
flow.     See  Figs.  16,  18,  19,  PI.  ix.,  x. 

Finally,  in  every  instance  that  I  have  as  yet  observed,  the  increase 
of  flow  is  preceded  by  a  reflex  contraction  of  the  extensor  muscles.  If 
the  stimulation  is  too  weak  to  cause  a  contraction  of  the  muscles,  then 
the  rate  of  flow  is  not  increased.  Whether  contraction  occurs  at  the 
beginning  or  end  of  the  stimulation,  whether  the  blood-pressure  rises 
or  not,  whether  the  respiration  is  greatly  affected  or  hardly  at  all,  in  all 
cases  there  is  a  marked  increase  in  the  rate  of  flow  after  the  contraction. 
See  Figs.  16,  17, 18,  19,  21,  PI.  ix.,  x. 

When  the  central  end  of  the  vagus  is  stimulated  the  effects  are 
different ;  there  may  be  a  rise  or  fall  of  pressure  according  to  circum- 
.stances,  for  the  vagus  of  the  dog  contains  depressor  fibres ;  there  may  be 
inhibition  of  the  respiration  followed  by  a  more  rapid  respiration,  which 
is  what  I  have  generally  observed  ;  or  there  may  be  more  rapid  respi- 

♦  Pfliiger's  Archiv,  Vol  xii.  p.  240. 
t  Pf  liigcr's  Archh\  Vol.  ix.  p.  259. 
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ration  alone  or  tetanic  inspiration ;  I  have  not  attempted  to  settle  under 
what  different  conditions  these  different  effects  occur,  as  such  an  inves- 
tigation was  foreign  to  my  purpose;  Burkart's  paper*  gives  the 
latest  information  on  the  subject.  Still,  whatever  effect  stimulation 
of  the  vagus  may  have,  it  never,  as  far  as  I  have  yet  seen,  produces 
any  reflex  contraction  of  the  leg  muscles  in  the  anaesthetised  animal, 
at  least  with  any  strength  of  stimulation  that  I  have  as  yet  used ; 
further,  with  the  absence  of  contraction  of  the  extensor  muscles,  there 
is  a  complete  absence  of  any  sign  of  increase  in  the  rate  of  flow,  either 
during  or  after  the  stimulation,  except  under  circumstances  to  be  men- 
tioned presently.  In  the  majority  of  cases  the  stimulation  of  the 
vagus  has  seemed  to  cause  a  slight  diminution  rather  than  an  increase 
of  flow,  although  in  every  case  the  efficiency  of  the  stimulation  was 
manifested  by  the  effect  on  the  respiration,  independently  of  variations 
in  the  blood-pressure  curve.     See  Figs.  15,  20,  22,  26,  PL  ix.,  x.,  xi. 

If  the  vagus  stimulation  causes  a  rise  of  pressure  followed  by  a  de- 
cided fall,  or  if  there  is  a  decided  fall  of  pressure  without  an  antecedent 
rise,  then  at  the  commencement  of  the  fall  of  pressure  there  is  often 
a  slight  increase  in  the  rate  of  blood-flow.  See  Figs.  13,  20.  This 
increase  occurs  only  at  the  commencement  of  the  fall  of  pressure,  and 
appears  to  have  no  dependence  upon  the  length  or  strength  of  the  sti- 
mulation, except  so  far  as  the  latter  affects  the  time  when  the  fall  of 
pressure  occurs.  Heidenhain  observed  a  similar  phenomenon  to  this 
upon  stimulation  of  the  splanchnic  nerve  "f*,  and  he  suggests  that  the  an- 
tecedent rise  of  pressure  causes  a  stimulation  of  dilator  nerves,  and  so 
of  its  own  accord  tends  to  restore  the  vessels  to  their  normal  state. 
This  explanation,  however,  will  not  apply  to  the  case  where  the  fall  of 
pressure  takes  place  without  any  preliminary  rise,  as  in  Fig.  20 ;  for 
my  own  part  I  am  inclined  to  think,  that  this  phenomenon,  combined 
with  the  fact  of  the  slight  diminution  of  flow  often  observed  on  vagus 
stimulation,  points  to  the  possibility  that  the  vessels  of  the  muscles  are 
part  agents  in  the  production  of  the  variations  of  pressure  caused  by 
the  stimulation  of  the  vagua 

The  following  experiments  may  serve  as  examples  of  the  different 
effects  described  above,  produced  by  the  stimulation  of  an  afferent  nerve. 

Jan.  30,  1878.  Black  and  tan  terrier  bitch,  pregnant.  Morphia  and 
cLloroform.     Both  vagi  cut ;  central  end  of  left  vagus  on  electix>des ;  right 

*  PflUgor*B  Archiv^  Vol.  xvi.  p.  427.    See  also  a  paper  by  Langendorff  in  "Mit- 
theilungen  aus  dom  Konigeberger  Physiologisohen  Laboratorium*'  von  W.  v.  Wit  tic  h.  1878. 
t  Loc,  cit.  p.  41. 


VASOMOTOR  NERVES  OF  MUSCLES.  285 

radial  nerve  cut  and  central  end  ligatured.  Bight  extensor  vein  used.  Tuning- 
fork  arrangement,  sec.  coil  at  75  mm.  gave  first  feeling  of  acidity  to  tip  of 
tongue.  Manometer  in  right  carotis.  After  trying  the  effect  of  stimulation 
of  the  vagus  on  the  blood-pressure  curve,  the  following  curve  of  flow  was 
obtained.  (See  Fig.  15,  which  gives  deduced  curve  of  flow  and  a  fiicsimile 
of  the  pressure  curve.) 

0-75,  0-7,  0-725,  0-725,  1,  08 cc. 

The  vagus  was  now  stimulated  for  15  seconds  with  sec.  coil  at  40  mm.  ; 
the  respiration  was  inhibited,  and  the  blood -pressure  rose  as  shown  in  the 
curve;  there  was  no  contraction  of  the  extensor  muscles;  the  continuous 
measurement  of  the  rate  of  flow  gave 

0-65,  0-65,  0-6  cc, 
and  after  the  stimulation, 

0-525,  0-55,  0-675,  0-95,  10,  0725,  0*55,  05,  05,  ?,  0-45, 
0-5,  0-5,  0-45,  0-45  cc. 

Without  interrupting  the  flow,  the  vagus  was  again  stimulated  with  sea  coil  at 
40  mm.  for  30  sees,  producing  again  a  rise  of  pressure,  inhibition  of  respiration 
followed  by  a  more  frequent  respiration,  and  no  contraction  of  the  extensor 
muscles: 

0-45,  0-4,  0-4,  0-35,  0-35,  035  cc. 

and  after  the  stimulation, 

0-35,  0-4,  0-575,  0-825,  0-85,  0-675,  0-6,  ?,  0-5,  0525,  0-575  cc. 

The  flow  was  now  turned  to  the  heart  for  16  minutes,  during  which  the 
cannula  was  washed  out,  and  the  radial  nerve  placed  on  the  electrodes  and 
the  effect  of  stimulating  its  central  end  tested.  Then  the  blood  was  again 
allowed  to  flow,  and  the  two  following  curves  obtained  (see  Figs.  16  and  17, 
which  are  facsimiles  of  the  original  curves), 

0-55,  0-6,  0-55  cc. 

The  radial  nerve  was  now  stimulated  with  sec.  coil  at  120  mm.  for  15  seconds ; 
no  contraction  occurred  until  the  last  5  seconds  of  the  stimulation,  as  seen 
in  the  figure ;  the  continuation  of  the  rate  of  flow  gave 

0-6,  0-6,  0-9  cc. 
and  after  the  stimulation, 

0-95,  1-975,  1-825,  1-25,  ?,  0925  cc. 

The  flow  was  now  turned  to  the  heart  for  3  minutes,  and  the  cannula  washed 
out ;  upon  again  measuring  the  rate  of  flow,  there  poured  out 

0-6,  0-5,  0-475,  0-425,  0-5,  0-475,  0-525,  ?,  0-525  cc. 

The  radial  was  now  stimulated  for  8  seconds  with  sec.  coil  at  110  mm. ;  there 
was  violent  respiration,  rise  of  pressure,  and  contraction  of  the  muscles  near 
the  end  of  the  stimulation.  See  Fig.  17.  The  measurement  of  the  flow 
during  the  stimulation  gave 

0-525,  0-8  cc., 
and  then 

1-4,  2-0,  1-5,  1-2,  1-1  cc. 


286  W.  ff.  GASKELL. 

After  further  similar  radial  stimulationa,  the  yagns  was  again  stimulated 
for  30  seconds  with  precisely  the  same  effect  as  before,  except  that  the  rise 
of  pressure  lasted  longer  after  the  stimulation,  and  therefore  the  increase  of 
flow  which  was  coiucident  with  the  coramencement  of  the  fall  of  pressure 
took  place  a  longer  time  after  the  end  of  the  stimulation. 

May  4,  1878.  Spaniel  bitch,  weight  8*5  kilo.  Morphia  and  chloroform. 
Both  vagi  cut ;  central  end  of  left  vagus  in  J_-tube  electrodes.  Right  extensor 
vein  used,  and  central  end  of  left  saphena  nerve  placed  in  Lud  wig's  electrodes  ; 
thermometer  placed  between  muscles  on  each  side.  No  wadding.  With 
sec.  coil  at  80  mm.  first  feeling  of  acidity  was  given  to  the  tip  of  the  tongue. 
(See  Figs.  18,  19,  20,  21,  which  give  the  deduced  curves  of  flow,  and  facsimiles 
of  the  pressui*e  curves.) 

At  4.39.45  p.m.  the  measurement  of  the  blood-flow  began,  and  gave 

0-6,  0-55,  0-55  cc. 

The  left  saphena  was  now  stimulated  for  48  seconds,  the  sec.  coil  Ijeing  pushed 
from  150  to  100  to  80  mm.  In  the  first  5  seconds  a  slight  contraction 
occurred ;  the  stimulation  caused  a  fall  of  blood-pressure  and  a  slight  quicken- 
ing of  the  respiration.  See  Fig.  18.  The  rate  of  flow  during  the  stimulation 
was 

0-725,  0-475,  0-5,  0-675,  0-825,  0-9,  11,  1-15,  1,  1-4  cc, 

and  after  the  stimulation, 

1-525,  1-4,  1-375,  1275,  1-225,  1-2,  ?,  M5,  105,  0-95, 
0-925,  0-85,  0-85,  08,  0775,  0775,  075,  0-7 cc. 

After  a  pause  of  1 4  minutes,  the  flow  was  again  measured,  and  the  saphena 
stimulated  for  1  min.  55  seconds  with  sec.  coil  at  150  mm.,  then  at  100  mm., 
and  then  at  80  mm.  As  Fig.  19  shows,  the  stimulation  caused  no  rise  in 
the  curve  of  flow  \mtil  the  sec.  coil  was  pushed  to  80  mm.,  when  a  contraction 
of  the  extensor  muscles  occiuTed ;  during  the  stimulation  the  pressure  fell 
slightly  and  the  respiration  was  almost  unaffected. 

After  a  pause  of  7J  minutes  the  flow  again  recommenced,  and  the  left 
vagus  was  stimulated  for  1  min.  45  seconds,  and  as  Fig.  20  shows,  when  the 
sec.  coil  was  at  100  mm.  very  slight  effect  was  produced  on  the  curve  of 
pressure,  while  the  rate  of  flow  was  slightly  diminished  j  when  the  sec.  coil 
was  pushed  up  to  60  mm.  the  pressure  fell  rapidly  and  a  more  rapid  respira- 
tion occurred ;  the  rate  of  flow  rose  slightly  with  the  commencement  of  this 
fall  of  pressure,  and  then  during  the  rest  of  the  stimulation  remained  slightly 
below  the  normal  rate ;  after  the  stimulation  the  pressure  rose,  the  respiration 
ceased  altogether  for  a  time,  and  the  rate  of  flow  remained  below  the  normal 
rate.  After  a  pause  of  8^  min.  the  measurement  of  the  flow  recommenced, 
and  gave  a  steady  normal  rate  of  0-5  cc.  The  vagus  was  stimulated  for  four 
minutes  with  sec.  coil  from  50  mm.  "to  30  mm.  During  the  whole  time  the 
pressure  remained  very  markedly  fallen  with  the  respiration  increased,  and  at 
the  end  inhibited.  As  the  blood  was  only  allowed  to  run  for  the  first  part  of 
the  stimulation,  the  main  object  being  a  measurement  of  temperature,  I  do 
not  give  the  curve  of  flow.  Here  again,  however,  with  the  commencement 
of  the  sharp  fall  of  j)i-essure,  there  was  a  slight  shortly  lasting  increase  in  the 
rate  of  flow. 
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After  6J  minutes  from  the  termination  of  the  last  stimulation  the  flow 
recommenced,  and  Fig.  2 1  was  obtained.  It  is  seen  from  it  that  the  stimula- 
tion of  the  saphena  caused  no  increase  of  flow  and  no  contraction  of  the 
muscles  with  the  sec.  coil  at  100  mm.,  but  when  the  sec.  coil  was  suddenly 
pushed  to  60  mm.,  then,  although  the  stimulation  lasted  at  this  strength 
hardly  a  second,  there  was  a  marked  increase  of  the  rate  of  flow  accompanied 
by  contraction  of  the  muscles,  violent  respiration,  and  a  rise  of  blood-pressure, 
which  had  sunk  during  the  first  part  of  the  stimulation. 

As  a  further  example  of  the  effect  of  stimulation  of  the  vagus,  the 
foUowiug  will  serve. 

Jan.  22,  1878.  Small  white  terrier  bitch.  Morphia  and  chloroform. 
Both  vagi  cut ;  left  vagus  central  end  in  _L-tube  electrodes ;  right  saphena 
and  right  radial  nerves  prepared ;  right  extensor  vein  used.  Manometer  in 
right  carotis. 

After  various  curves  of  radial  and  saphena  stimulation,  showing  the 
usual  effects,  had  been  obtained,  the  curves  shown  in  Fig.  22  were  described, 
and  show  how  the  stimulation  of  the  vagus  with  sec.  coil  at  150,  100,  and 
70  mm.  respectively,  caused  inhibition  of  the  respiration,  no  contraction  of  the 
muscles,  and  a  diminution  rather  than  an  increase  of  rate  of  flow  from  the 
extensor  vein. 

2adly,  in  the  curarised  animal. 

Although  now  all  the  mechanical  effects  due  to  muscular  action  arc 
necessarily  absent,  yet  the  stimulation  of  the  three  kinds  of  nerves  pro- 
duces the  same  effect  as  before,  an  increase  of  flow  upon  stimulation  of 
the  radial  or  saphena  nerves;  and  either  no  effect  or  a  slight  diminution 
of  flow  upon  stimulation  of  the  vagus.  In  order  to  obtain  the  increase 
of  flow  upon  stimulation  in  the  curarised  animal,  the  strength  of  the 
current  must  be  as  great  as  in  the  uncurarised  ;  and  the  increase  seems 
to  take  place  in  the  same  way  as  in  the  examples  already  given,  except 
that  all  signs  of  muscular  contraction  are  wanting. 

There  is,  as  far  as  I  can  judge,  no  great  difference  between  the  effect 
of  stimulation  of  either  saphena  or  of  the  radial,  except  that  the  in- 
crease of  flow  may  be  obtained  with  a  weaker  stimulation  in  the  case  of 
the  former  nerves.  This  is  to  be  expected,  because  stimulation  of  these 
nerves  is  able  to  produce  reflex  contraction  of  the  extensor  muscles 
more  easily  than  stimulation  of  the  radial  nerves.  The  following  ex- 
amples may  serve  to  illustrate  the  above  remarks. 

Aug.  14,  1877.  Dog  small.  Morphia  and  curare;  left  vagus  central  end 
prepared ;  right  vagus  not  cut ;  manometer  in  connection  with  right  carotis. 
Right  extensor  vein  used.  No  wadding.  Induction  coU  used  without  tuning- 
fork,  therefore  first  sensation  to  tongue  with  sec.  coil  at  130  mm.  Artificial 
respiration.     After  various  stimulations  of  saphena,  which  caused  the  usual 
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increase  of  flow,  the  left  vagus  was  placed  on  the  electrodes,  and  Fig.  23, 
PL  XI.,  obtained.  Each  of  the  three  stimulations,  sec.  coil  at  120,  120,  and 
80  mm.  respectively,  caused  a  rise  of  blood-pressure;  in  the  last  the  rise  was 
very  marked,  amounting  to  between  20  and  30  mm.  Hg.  As  is  seen,  the 
stimulation  caused  a  fall  rather  than  a  rise  in  the  curve  of  flow. 

Nov.  24,  1877.  Mongrel  bull-dog  of  medium  size.  Morphia  and  curare. 
Hight  and  left  saphena  nerves  prepared ;  vagi  not  cut.  Manometer  in  connec- 
tion with  right  carotis,  and  right  extensor  vein  used.  Artificial  respiration ; 
no  wadding.  Induction  coil  alone  used,  therefore  sec.  coil  at  130  mm.  gave 
first  sensation  of  acidity  to  tongue.  See  Figs.  24  and  25,  PL  xi.  The 
curves  given  show  the  effect  of  stimulation  of  the  8aphena  on  the  same  side 
as  the  measurement  of  blood-flow,  and  on  the  opposite  side  for  the  same 
length  of  time,  viz.  15  seconds,  and  with  the  same  very  weak  stimulation, 
viz.  sec.  coil  at  300  mm.  Between  the  two  curves  there  was  a  pause  of 
12  minutes.  In  neither  case  was  there  any  contraction  of  the  muscles.  The 
saphena  on  the  opposite  side  produced  the  greater  efl*ect,  but  then  a  greater 
rise  of  pressure  than  the  former  stimulation  had  produced  was  also  caused. 
Therefore  for  some  reason  the  stimulation  acted  stronger  in  the  second  case 
than  in  the  first,  and  so  caused  a  slightly  greater  efiect  on  the  rate  of  flow. 

March  20,  1878.  White  terrier,  weight  6  J  kilos.  Morphia  and  chloro- 
form. Both  vagi  cut ;  left  vagus  in  X-**il>®  electrodes ;  right  extensor  vein 
prepared  and  right  carotis  in  connection  with  manometer.  Tuning-fork 
arrangement;  sec.  coil  at  75  mm.  gave  first  sensation  to  tip  of  tongue.  After 
section  of  the  vagi  the  respiration  was  very  slow  and  very  deep,  as  seen  in 
curve  of  pressure. 

Fig.  26,  PL  XI.,  shows  the  effect  on  blood-pressure  and  on  blood-flow  of 
the  stimulation  of  the  left  vagus  for  1  min.  20  sec.  with  the  sec.  coil  at 
30  mm. 

The  animal  was  then  curarised,  artificial  respiration  used,  and  Fig.  27, 
PL  XL,  obtained.  The  vagus  was  stimulated  for  1  minute  with  the  sec.  coil 
at  first  at  30  mm.  and  then  gradually  pushed  up  fully  over  the  primary. 
The  curve  shows  much  the  same  characteristics  as  were  obtained  in  the 
experiment  before  ciurare  was  given. 

As  a  final  example,  I  give  a  case  where  curare  and  chloroform  alone  were 
given  without  morphia. 

March  26,  1878.  Dog,  weight  6  kilos.  Both  vagi  cut,  left  vagus  in 
tube  electrodes.  Right  extensor  vein  used  and  right  carotis.  Left  saphena 
prepared  near  its  junction  with  crural.  Tuning-fork;  sec.  coil  at  70  mm.  gave 
first  sensation  to  tongue.    Artificial  respiration. 

Fig.  28,  PL  XI.,  shows  the  effect  of  a  30  sec.  stimulation  of  the  left 
saphena  with  sea  coil  at  100  mm.  There  was  not  the  slightest  trace  of 
movement  of  any  sort;  the  blood-pressure  rose  during  the  stimulation  as 
much  as  40  mm.  Hg.  and  the  flow  increased  as  seen  in  the  curve. 

In  the  same  experiment  the  vagus  stimulations,  whatever  their  strength 
or  length,  always  caused  the  usual  effect;  a  slight  diminution  rather  than  an 
increase  of  flow. 
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From  these  and  many  similar  experiments  I  conclude  then,  that 
dilation  of  the  muscle  vessels  takes  place  upon  stimulation 
of  an  afferent  nerve,  when  that  stimulation  causes  either 
an  actual  or  potential  contraction  of  the  muscle:  meaning, 
by  a  potential  contraction  that  the  contraction  would 
have  occurred  but  for  the  hindrance  interposed  between 
the  central  nerve  cells  and  the  muscular  fibres  in  conse- 
quence of  the  action   of  curare. 

Also  that  constriction  rather  than  dilation  of  the  muscle  vessels  is 
caused  when  an  afferent  nerve,  such  as  the  vagus,  which  does  not  cause 
any  contraction  of  the  muscles,  is  stimulated.  These  two  conclusions 
correspond  very  closely  to  what  I  observed  in  the  mylohyoid  muscle  of 
the  frog;  both  with  respect  to  dilation  occurring  with  reflex  contraction, 
and  to  a  slight  and  doubtful  constriction  taking  place  under  other 
circumstances. 

Further,  the  difference  between  the  action  of  curare  when  an  afferent 
nerve  is  stimulated  and  when  the  muscle  nerve  itself  is  stimulated,  I 
imagine  to  admit  of  explanation  in  the  following  manner. 

Curare  is  a  poison  which  does  not  appreciably  affect,  in  moderate 
doses  at  all  events,  the  central  nervous  mechanism,  but  at  the  same 
time  does  affect  certain  peripheral  groups  of  nerve  cells;  thus  the 
muscle  does  not  contract  in  the  curarised  animal  upon  reflex  any  more 
than  upon  direct  stimulation,  because  the  impulses  sent  out  by  the 
central  cells  as  the  result  of  the  afferent  stimulation  are  not  able  to 
reach  the  muscular  fibres,  owing  to  the  disorganisation  of  the  end 
plates  of  the  motor  nerves,  and  not  in  consequence  of  any  alteration 
in  the  action  of  the  central  cells.  The  mechanism  by  which  dilation 
of  the  muscle  vessels  is  produced  is  however  of  a  different  character  to 
this ;  instead  of  a  single  kind  of  nerve  fibre  we  have  here  two  kinds  of 
fibres,  the  constrictor  and  the  dilator  fibres,  and  one  supposes  that  the 
curare  prevents  the  action  of  the  latter,  however  that  action  may  be 
produced,  while  it  leaves  intact  the  central  nervous  mechanism  and  the 
constrictor  fibres  which  are  especially  regulated  by  this  mechanism. 
Further,  one  supposes  that,  with  the  crural  nerve  intact,  the  tonicity  of 
the  vessels  is  kept  up  by  impulses  continually  proceeding  from  the  cen- 
tral nervous  mechanism,  and  that  these  are  capable  of  being  augmented 
or  inhibited  by  different  means.  When  then  curare  has  been  given, 
direct  stimulation  of  the  cniral  nerve  is  unable  to  produce  an  increase 
of  flow  or  a  contraction  of  the  muscle,  because  the  curare  affects  that 
part  of  the  peripheral  mechanism  which  may  be  summed  up  by  the 
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words  "dilator  fibres"  as  well  as  the  end  plates  of  the  motor  nerves; 
while  stimulation  of  an  appropriate  afferent  nerve,  although  unable  to 
cause  a  contraction  of  the  muscle,  yet  can  produce  dilation  of  its 
vessels,  because  it  is  still  able  to  diminish  the  tonic  impulses  sent  by 
the  central  nervous  mechanism  along  the  unaffected  constrictor  fibres. 

It  is  difficult,  upon  this  hypothesis,  to  explain  certain  experiments 
that  I  have  made,  viz.  experiments  aa  to  the  effect  of  afferent  stimulation 
when  the  abdominal  sympathetic  has  been  previously  cut.  Here,  as 
in  other  cases,  I  have  noticed  a  decided  increase  of  flow  consequent 
upon  contraction  of  the  muscles  caused  by  stimulation  of  the  saphena 
or  radial  nerves,  and  no  increase  upon  stimulation  of  the  vagus;  and 
this  too  when  in  consequence  of  a  small  dose  of  curai'e  there  has  been 
no  reflex  contraction.  As  however  I  did  not  at  the  time  realize  the  im- 
portance of  watching  carefully  the  respiratory  action  produced  by  the  sti- 
mulation, but  fixed  my  whole  attention  upon  the  question  whether  the 
muscles  contracted  or  no,  I  cannot  assert  positively  that  the  increase  of 
flow  observed  was  not  entirely  due  to  the  action  of  the  increased  res- 
piration, and  therefore  had  nothing  to  do  with  any  special  dilation  of 
the  vessels.  Further  experimentation  must  settle  this  point ;  and  if  it 
be  found  that,  in  the  thoroughly  curarised  animal,  stimulation  of  an 
ordinary  sensory  nerve  causes  an  increase  of  flow  even  when  the  abdo- 
minal sympathetic  is  cut,  then  either  the  above  argument  must  be 
modified  or  else  one  must  suppose  that  all  the  constrictor  fibres  do  not 
run  in  the  abdominal  sympathetic,  a  supposition  which  is  contrary  to 
what  I  imagine  at  present  to  be  the  case. 

VI.  It  is  now  time  to  compare  the  conclusions  arrived  at  in  the 
foregoing  pages  with  those  arrived  at  by  Heidenhain  in  the  paper 
already  quoted.  Upon  reading  that  paper  it  is  seen,  that  Heidenhain 
experimented  on  curarised  animals,  and  therefore,  as  he  himself  ex- 
pressly says,  makes  no  attempt  to  explain  the  increase  of  flow  attendant 
upon  muscular  contraction.     His  main  conclusions  are. 

That  stimulation  of  the  sciatic  nerve,  or  of  the  abdominal  sympa- 
pathetic,  causes  a  slight  fall  of  temperature  in  the  gastrocnemius  mus- 
cle, because  the  muscle  vessels  are  slightly  constricted. 

That  section  of  the  abdominal  sympathetic  and  (as  one  judges  from 
the  details  of  some  of  his  experiments)  of  the  sciatic  causes  a  more  or 
less  lasting  rise  of  temperature,  i,e.  a  dilation  of  the  vessels  of  the  gas- 
trocnemius muscle,  which  lasts  hours  rather  than  minutes. 

That  stimulation  of  any  afferent  nerve,  whether  it  be  sciatic  or 
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vagus,  causes  a  rise  of  temperature,  i.e.  a  dilation  of  the  vessels  in  the 
muscle. 

That  dilator  fibres  can  be  shown  to  be  present  in  the  muscle  nerve, 
as  in  the  nerves  to  the  skin,  by  cutting  it  three  to  four  days  beforehand, 
and  then  stimulating. 

Apart  then  from  the  question  of  the  efiect  of  curare,  the  results  of 
the  two  sets  of  experiments,  Heidenhain's  and  my  own,  differ  chiefly, 
as  to  the  effect  of  section  of  the  muscle  nerve  or  abdominal  sympa- 
thetic, and  of  stimulation  of  the  central  end  of  the  vagus  nerve. 

First  then,  as  to  the  section  of  the  nerve  fibres  supplying  the 
muscle  vessels. 

In  all  the  numerous  experiments  that  have  been  made  of  late  years 
upon  the  temperature  of  the  foot,  one  fact  stands  out  clearly  and  is 
agreed  to  on  all  sides,  viz.  that  section  of  the  sciatic  causes  a  rise  of 
temperature  in  the  foot  which  may  last  not  minutes  or  hours,  but  days 
or  even  weeks ;  a  rise  therefore  which  is  rather  of  a  permanent  than  a 
temporary  character.  Now  Heidenhain  comes  to  the  conclusion,  that 
the  innervation  of  the  muscle  vessels  follows  the  same  laws  as  that  of 
the  skin  vessels,  although  perhaps  the  effects  are  not  so  pronounced  in 
the  muscle  as  in  certain  parts  of  the  skin;  and  in  accordance  with  this 
conclusion,  section  of  the  nerve  fibres  supplying  the  muscle  vessels 
causes  a  more  or  less  permanent  rise  of  temperature  in  the  muscle; 
thus,  in  the  two  experiments  given  by  him*,  section  of  the  abdominal 
sympathetic  caused  a  rise  of  temperature,  which  in  the  one  case  had 
amounted  to  2*73°  C.  and  2*66^0.  in  the  right  and  left  gastrocnemii 
respectively,  28  min.  after  the  section;  and  in  the  other  to  0*62^ C, 
25  min.  after  the  section ;  in  neither  instance  is  it  clear  that  the  maxi- 
mum had  been  reached  when  the  observation  ceased.  Also,  later  on-l", 
an  experiment  is  given  in  which  the  left  sciatic  was  cut;  when  the 
measurement  of  temperature  began,  it  is  seen  that  the  temperature  of 
the  left  muscle  was  very  nearly  2^C.  higher  than  that  of  the  right, 
and  about  2  hrs.  after  the  section,  when  the  experiment  finished,  there 
was  still  a  difference  of  2®  C.  in  the  two  muscles. 

One  can  say  then  from  these  experiments,  that  section  of  the  muscle 
nerve  causes  a  rise  of  temperature  which  lasts  at  all  events  hours  rather 
than  minutes. 

On  the  other  hand,  my  experiments  show  clearly  that  the  increase 
of  blood-flow  due  to  the  section  of  the  crural  nerve  does  not  last  so  long 

*  Op.  cit.  p.  15.  t  Ibid.  p.  21. 
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as  5  minutes,  and  that  the  maximum  increase  in  the  rate  of  flow  is 
reached  during  the  first  minute;  i.e.  the  increase  of  flow  caused  by  the 
section  is  not  of  a  permanent  character.  This  conclusion  is  based  not 
only  upon  the  experiments  given  in  Figs.  1  and  2,  and  many  others 
like  them,  but  also  upon  the  great  number  of  experiments  that  I  have 
made  involving  section  of  the  crural  nerve,  in  which  the  effect  of  the 
section  on  the  rate  of  flow  was  not  measured,  owing  to  the  advisability 
of  not  using  any  blood  unnecessarily.  In  all  these  experiments  the 
first  flow  of  blood  has,  as  a  rule,  been  allowed  to  run  into  the  water 
manometer  from  20  to  30  minutes  after  the  section  of  the  nerve,  and 
I  have  always  found  that  the  rate  was  then  no  greater  than  one  would 
have  expected  from  the  size  of  the  dog. 

Here  then  is  the  simplest  experiment  by  which  to  test  the  relation 
between  rate  of  blood-flow  and  rise  or  fall  of  temperature.  From  these 
two  sets  of  experiments  alone  it  can  be  asserted,  that  section  of  the 
muscle  nerve  causes  a  rise  of  temperature  which  lasts  an  hour  or  more, 
and  at  the  same  time  an  increase  in  the  rate  of  flow  which  lasts  not  so 
long  as  5  minutes.  In  order,  however,  to  be  sure  of  the  difference  be- 
tween the  length  of  time  occupied  by  the  rise  of  temperature  and  by 
the  increase  of  flow,  I  have  made  a  few  experiments  with  simultaneous 
measurement  of  temperature  and  rate  of  flow. 

By  making  a  small  slit  through  the  skin  a  little  above  the  knee 
along  the  inner  edge  of  the  rectus  muscle,  it  is  easy  to  push  the  bulb  of 
a  thermometer  between  the  rectus  and  crureus  muscles,  so  that  it  shall 
be  entirely  covered  with  muscle,  and  at  the  same  time  without  damaging 
the  muscles.  In  order  to  make  still  more  sure  that  the  thermometer  is 
influenced  only  by  muscular  blood,  it  is  only  necessary  to  make  a  small 
slit  in  the  tendinous  fascia  over  the  crureus  and  vasti  muscles,  and  then 
the  thermometer  slips  with  the  greatest  ease  between  the  vastus  inter- 
nus  and  crureus  muscles;  the  bulb  lies  against  the  thickest  fleshiest  part 
of  these  two  muscles,  and  is  absolutely  surrounded  by  them;  it  is  not 
advisable  to  push  it  in  too  far,  as  there  is  then  a  possibility  of  the  end 
of  the  bulb  pressing  against  the  nerves  and  vessels  of  these  muscles. 

The  following  is  an  example  of  the  simultaneous  measurement  of 
temperature  and  rate  of  flow. 

April  26,  1878.  Young  retriever,  weight  13  kilos.  Morphia  and  chloro- 
form. Thermometer  between  rectus  and  crureus  muscles  on  the  left  side. 
Cannula  in  left  femoral ;  left  crural  nerve  prepared.  The  temperature  was 
taken  every  minute  or  half  minute  ;  the  rate  of  flow  was  measured  at  intervals, 
as  shown  below.    The  figures  in  brackets  give  the  times  when  the  thermometer 
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measurements  took  place,  and  are  printed  underneath  the  number  which  give 
the  amount  of  blood  that  flowed  out  in  the  preceding  5  seconds : 


BemarkB. 

Time. 

Temp. 

Remarks. 

Time. 

Temp. 

12.49 

32-5 

1.22 

32-7 

52 

•1 

23 

•6 

56 

31-7 

23.5 

•5 

1.1 

•8 

24 

•45 

12 

•8 

24.5 

•4 

14 

•9 

25 

•35 

15 

•8 

26 

•25 

At  1.15'.15"  the  crural 

15.5 

•8 

27 

•15 

nerve  was  cut;  with 

16 

•8 

28 

•15 

measurement  of  blood- 

16.5 

•9 

28.5 

31-95 

flow. 

17 

321 

29.5 

•9 

17.5 

•4 

30 

'      ^85 

18 

•65 

30.5 

•8 

18.5 

•9 

31 

•75 

Blood-flow 

19 

33-0 

32 

•7 

20 

32-9 

Blood-flow 

33 

•65 

20.5 

•85 

34 

•6 

21 

•8 

35 

•55 

The  measurement  of  the  blood-flow  commenced  at  1.14'.45",  and  gave  in 
successive  5  seconds : 

0-75,  0-6,  0-8,  0-75,  0-75,  0-8  cc. 
(1.15') 

The  nerve  was  now  cut  without  interrupting  the  flow ;  there  was  a  marked 
contraction  of  the  muscles  with  the  characteristic  outspurt  in  the  curve  of 
flow ;  the  continuation  of  the  measurements  gave : 

1-05,  0-95,  1-7,  2-4,  4-0,  6-3,  7-4,  745,  8-3,  ?,  7*25,  7-66,  t,  7-45,  6^4, 
(1.15'.30")  (1.16')  (1.16'.30") 

6-3,  6-0,  5-55,  5-4,  52,  5-0,  4-9,  3-4,  385,  3-6,  ?,  285,  2-75,  2-35,  1-9, 

(1.17')  (1.17'.30") 

1-6,  1-6,  1-5  cc 
(1.18') 

The  flow  was  now  turned  to  the  heart  and  the  cannula  washed  out; 
at  1.1 9'.  30"  the  measurement  of  flow  recommenced,  and  gave  : 

0-7,  0-75,  0-65,  0-6,  0*6  cc. 
(1.19'.30") 

The  flow  was  again  turned  to  the  heart,  and  a  new  sample  of  flow  taken 
at  1.33'.30".     This  showed  : 


0-85,  0-85,  0-8,  0-75,  075,  0-7,  0-75  cc. 
(1.33'.30")  (1.34') 
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From  tliese  two  sets  of  fignrea  it  is  seen,  that  at  the  time  when  tlie  blood- 
flow  had  reached  its  mftxi""""  the  temperatare  bad  not  begun  to  rise ;  while, 
when  the  temperature  bad  reached  its  maximum,  the  rate  of  flow  had  re- 
turned to  the  normal  rate,  at  which  it  remained,  although  the  temperature 
did  not  return  to  the  height  it  possesaed  before  tbe  section  until  16  minutes 
after  the  seoticoi. 

On  page  367  an  experiment  is  described,  in  which  a  sample  of  the  rate 
of  flow  was  taken  before  and  five  minutes  after  section  of  the  cmral,  and 
aa  is  seen  from  the  figures  given  tbe  increase  of  flow  caused  by  the  section 
had  disappeared  within  five  minutes,  although  no  blood  bad  been  lost.  In 
order  to  compare  the  effect  of  tbe  section  of  the  nerre  upon  tbe  temperature, 
I  placed  a  thermometer  between  tbe  rectus  and  cnirens  muscles  of  tbe  other 
I^  and  then  cut  the  crural  on  tbat  side,  with  tbe  foUowing  result : 


Eenmtks. 

Tims. 

Temp. 

Bemarks. 

Time. 

T«mp. 

6.19 

31-5 

6.36 

32-45 

20 

■5 

37 

■45 

21 

■fi 

38 

■4 

Nerve  prepared  for  cutting. 

22 

■75 

39 

■36 

Crural  cut  between  6.23' 
and  6.23'.30".     Consider- 
able increase  of  respiration 
and   various    movementa 

23 

23.5 

24 

25 
26 
27 
28 

•75 

32-0 
■5 
■75 

■9 
33-0 
32-85 

Took  wadding 
off  leg. 

40 

41 
42 
43 
44 

45 
46 

■35 
■3 
■25 
■26 

At  C.24  and  afterwards. 

■2 

animal  quite  quiet. 

■1 
■0 

29 

■a.., 

47 

■0 

30 

■78, 

48 

31  ■95 

31 

■7 

49 

-9 

82 

•65 

flO 

•86 

33 

-55 

51  • 

•86 

34 

■5 

53 

■8 

35 

■5 

53 
54 

■78 
■75 

The  nnmbeiB  Bgain  show  tbat  the  maximum  of  temperature  occura  at  a 
time  when  the  blood-flow,  judging  from  tbe  effect  of  section  on  the  other 
dde  (for  the  measarement  of  blood-flow,  see  p.  267),  had  already  returned  to 
its  normal  rate,  and  30  minutes  after  tbe  section  the  temperature  had  not 
quite  r^^ained  its  former  height 

If  the  thermometer  be  placed  in  the  deeper  position,  between  tbe 
crureus  and  vastus  interaus  muscles,  then  the  eection  of  the  nerve  does 
not  always  cause  a  marked  rise  of  temperature,  because  the  tempera- 
ture of  the  muscles  is  already  too  near  that  of  the  internal  tempera- 
ture ;  still  the  effect  of  the  section  is  clearly  marked,  if  the  temperatures 
on  the  two  sides  be  compared,  as  the  following  example  shows : 
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May  7,  1878.  Dog,  weight  10  5  kilos.  Chloroform,  no  morphia.  Cui-are, 
Thermometer  placed  deeply  between  cnireus  and  vastus  intemus  on  each 
side;  each  thermometer  very  sensitive,  divided  into  lOths  of  a  degree,  so  that 
it  is  easy  to  read  finer  than  0*05°  C.  Artificial  respiration.  Cannula  in  left 
femoral  vein;  left  crural  nerve  prepared;  no  wadding  over  any  part  of  body. 

The  blood  was  allowed  to  flow  during  the  section  of  the  left  crural ;  the 
increase  of  flow,  which  was  very  marked,  reached  its  maximum  in  20  sec. 
after  the  section,  and  the  original  rate  of  flow  was  regained  1  min.  15  sea 
after  section.  The  readings  of  the  two  thermometers  took  place  every 
minute: 

From  this  table  (see  table  over  lea^  p.  296)  it  is  seen  that  the  section  of 
the  left  crural,  although  it  caused  the  usual  effect  on  the  blood-flow,  yet 
caused  no  appreciable  rise  of  temperature ;  at  the  same  time  the  section  pro- 
duces a  marked  effect  upon  the  temperature  curve,  for,  while  the  right  side 
shows  a  steady  fall  of  tempei-ature  owing  to  the  exposure  of  the  leg,  the 
temperature  of  the  side  on  which  the  nerve  was  cut  remains  nearly  at  the 
same  height  for  a  considerable  length  of  time,  so  that  though  the  temperature 
was  at  the  outset  very  slightly  higher  on  the  right  than  on  the  left  side, 
there  is  a  differeuoe  of  0*75°  C.  to  the  benefit  of  the  left  side  40  minutes 
after  the  section,  and  of  1*1°  C.  in  1  hr.  15  minutes  after.  The  right  nerve 
was  now  cut,  the  temperature  of  that  side  being  2°  C.  lower  thui  that  of 
the  left. side  at  the  time  when  the  left  crural  was  cut.  The  section  now 
caused  a  decided  rise  of  temperature  to  the  extent  of  0*61°  C,  and  the  tem- 
perature on  the  right  side  remained  raised  as  long  as  the  observation  lasted, 
i.  e.  for  24  minutes  after  the  section,  so  that  during  the  last  4  minutes  of 
the  observation  the  temperatures  on  tiie  two  sides  had  again  become  equal. 

These  observations  all  show  how  much  more  permanent  is  the  rise 
of  temperature  due  to  the  section  of  the  muscle  nerve  than  the  increase 
in  the  rate  of  blood-flow  through  the  muscle.  The  difference  in  time 
between  the  two  effects  of  the  section  is  sufficiently  great  to  make  it 
difficult  to  accept  the  usual  explanation,  that  the  rise  of  temperature 
is  due  to  the  increased  flow  of  blood  alone ;  and  yet  it  is  not  easy  to 
prove  that  the  rise  of  temperature  is  partially  due  to  any  other  cause, 
Lh.  for  example,  as  the  action  of  "thermic  nervea"  suggested  hy 
Claude  Bernard. 

Bernstein*  endeavours  to  explain  the  abnormal  length  of  the  rise 
of  temperature,  which  occurs  in  the  foot  under  certain  conditions  after 
stimulation  of  the  sciatic  nerve,  by  the  supposition,  that  a  rise  of  tem- 
perature once  started  is  able  by  a  kind  of  cumulative  action  to  produce 
a  continuous  increase  of  temperature  up  to  a  certain  point ;  the  initial 
rise,  however  brought  about,  causes  a  dilation  of  the  vessels  and  there- 
fore a  further  increase  of  temperature,  which  again  causes  a  further 
dilation  and  so  on,  until  at  last  equilibrium  is  established  in  conse- 

•  Pfl  tiger's  Archiv,  Vol.  xv.  p.  690. 
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BemarkB. 

Time.   B. 

leg. 

L.leg. 

The   nerve  -was  n 

ow  stimulated    with 

varioiia  Btrength 
pixKliioing  auy  n 

sof  cui-rent  with 
arked  effect  on 

nt 

ha 

4.14    35 

3 

35-1 

temperature  wh 

ch  continued  to  fiiU 

15 

3 

■05 

oti  both  Bides. 

16 

28 

•05 

17 

25 

■03 

BemailiB. 

Time. 

H.  leg.  1  h. 

eg- 

18 
19 

2 

■01 
■01 

1 

20 

2 

■0 

5.24 

33 

25    34 

4 

Laft  nerve  cut  at 

21 

0 

34-98 

25 

2 

4 

4.21'.45".      Me- 

22 

15 

35-0 

26 

2 

35 

rest  trace  of  con- 

23 

1 

■0 

27 

2 

35 

traction. 

24 

1 

■05 

28 

2 

35 

25 

05 

•05 

29 

16 

3 

26 

0 

•0 

30 

16 

3 

27    34 

98 

■0 

31 

15 

3 

26 

■96 

■0 

R.    cniral    nerve 

32 

15 

3 

39 

■9 

■0 

prepared. 

33 

1 

28 

30 

9 

■0 

34 

•1 

2 

31 

82 

3496 

35 

■08 

18 

Left    crural     pre- 

32 

8 

•9 

Between  5.36' and 

36 

■05 

15 

pared  for  atimu- 

33 

77 

■9 

5.37' right  cru- 

37 

■3 

2 

latioD, 

34 

75 

■9 

ral  was  cut,  no 

38 

■56 

1 

35 

7 

■9 

truce  of  contrac- 

39 

■65 

fl5 

36 

7 

-88 

tion. 

40 

■66 

■05 

37 

■68 

■88 

41 

■6 

■0 

38 

65 

■9 

42 

■55 

■0 

39 

6 

■85 

43 

■5       33 

98 

40 

6 

•9 

44 

■5 

9 

41 

6 

■9 

45 

■5 

9 

42 

65 

■96 

46 

■5 

88 

43 

•95 

47 

■55 

85 

44 

35^0 

48 





45 

■0 

49 

■6 

8 

Between  4.45' Aiid 

46 

■0 

50 

■5 

8 

4.45'    L.  nerve 

47 

48 

■0 

51 

■5 

8 

BtimulattHl    for 

48 

■0 

R,  crural  crimped. 

52 

■6 

7 

30  sec. 

49 

■0 

63 

■5 

66 

Curare. 

50 

■0 

54 

■55 

6 

51 

38 

■0 

S6 

■5 

6 

fi2 

3 

■0 

66 

■5 

55 

53 

25 

■0 

57 

■5 

5 

54 

2 

34-9 

68 

■5 

5 

65 

18 

■88 

59 

■5 

5 

66 

15 

•83 

6.0 

■5 

5 

67 

1 

■8 

58 

05 

■8 

59 

05 

■78 

5.0 

1 

0 

a 

■76 
■75 
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quence  of  the  loss  of  heat  from  the  surface,  and  the  rise  of  temperature 
ceases.  This  explanation,  however,  necessitates  a  continual  dilation  of 
the  vessels,  proceeding  pari  passu  with  the  increase  of  temperature, 
and  will  not  therefore  explain  the  present  case.  I  have  endeavoured 
to  find  out  whether  any  thermic  eCFect  can  be  produced  by  cutting 
the  nerve  in  the  curarised  animal,  when  the  femoral  artery  has  been 
previously  clamped.  At  present,  however,  I  am  in  doubt,  whether  such 
experiments  can  give  any  trustworthy  result,  for,  although  the  section 
stops  to  a  great  extent  the  fall  of  temperature  caused  by  the  clamping, 
yet  I  do  not  feel  certain  that  the  anastomoses  of  the  muscle  vessels 
with  those  of  the  skin,  &c.  are  not  sufficient  to  explain  the  effects 
produced,  on  the  assumption  that  rise  of  temperature  is  due  to  increase 
of  blood-flow  alone. 

I  must  then  for  the  present  leave  the  question  undecided,  and  can 
say  only,  that  the  temperature  at  any  given  moment  is  not  an  indica- 
tion of  the  state  of  the  blood-vessels  at  that  moment,  but  that,  if  a  rise 
of  temperature  in  the  muscle  is  really  due  to  an  increase  of  blood-flow 
through  the  muscle,  then  the  heating  efiect  of  the  greater  supply  of 
blood  takes  a  long  time  to  attain  its  maximum,  and  a  still  longer  time 
to  disappear. 

The  other  main  discrepancy  between  Heidenhain's  results  and 
mine  consists  in  the  difierence  observed  upon  stimulation  of  the  central 
end  of  the  vagus.  In  order  to  confirm  his  results,  I  have  taken  tem- 
perature measurements  with  the  thermometers  placed  both  superfici- 
ally between  the  rectus  and  crureus  muscles  and  deeply  between  the 
crureus  and  vastus  internus  muscles,  with  and  without  simultaneous 
measurement  of  the  blood-flow;  as  yet  however,  in  accordance  with 
the  absence  of  any  increase  of  flow  in  consequence  of  the  stimula- 
tion, I  have  found  no  satisfactory  sign  of  any  increase  of  temperature. 
It  is  possible  that  this  difference  between  his  and  my  experiments 
may  be  due  to  the  fact,  that  his  animals  were  under  curare  alone, 
mine  under  curare  and  morphia  or  chloroform.  Whether  this  is 
so,  whether  the  use  of  anaesthetics  prevents  this  action  of  the  vagus 
nerve,  I  must  leave  to  others  to  decide,  as  I  am  not  able  to  settle  the 
question  in  England,  and  will  conclude  with  the  remark  that  Heiden- 
hain  himself*  is  inclined  to  doubt  the  universality  of  the  law,  that  the 
vessels  of  the  muscles  dilate  upon  stimulation  of  any  afferent  nerve ;  for, 
as  he  points  out,  if  the  skin  vessels  and  the  muscle  vessels  throughout 
the  body  dilate,  whenever  an  afferent  nerve  is  stimulated,  then  it  is  ex- 

*  hoc,  cit.  p.  60. 


298  W.  H.  GASKELL. 

tremely  difficult,  if  not  impossible,  to  explain  the  rise  of  blood-pressure 
which  he  has  observed  on  central  stimulation,  when  the  abdominal 
viscera  have  previously  been  cut  off  from  the  circulation.  K,  however, 
the  dilation  is  confined  to  certain  muscles,  viz.  those  which  contract 
reflexly  in  consequence  of  the  stimulation,  while  the  vessels  of  the  rest 
of  the  muscles  in  the  body  are  slightly  constricted,  then  it  becomes  easy 
to  understand  how  a  slight  rise  of  blood-pressure  may  be  brought  about, 
even  without  the  co-operation  of  the  vessels  of  the  abdominal  viscera. 

VII.  The  chief  results  arrived  at  in  the  foregoing  pages  may  be 
summed  up  as  follows : 

1.  Section  of  the  muscle  nerve  or  of  the  abdominal  sympathetic 
trunk,  in  the  case  of  the  muscles  of  the  leg,  causes  a  very  great  dilation 
of  the  arteries  of  the  muscle.  This  dilation  attains  its  maximum  very 
quickly  and  lasts  only  a  few  minutes  after  the  section. 

2.  On  the  other  hand,  the  rise  of  temperature,  as  measured  by  a 
thermometer,  caused  by  the  section,  attains  its  maximum  at  a  time 
when  the  dilation  of  the  vessels  has  already  ceased,  and  the  temperature 
remains  high  for  a  considerable  length  of  time  after  the  section. 

3.  For  this  reason  thermometric  measurements  do  not  afford  a 
good  indication  of  the  fulness  of  the  muscle  vessels  at  any  given 
time. 

4.  Section  of  the  muscle  nerve  following  upon  section  of  the  abdo- 
minal sympathetic  causes  a  very  marked  dilation  of  the  arteries  in  the 
muscle.  If  a  small  dose  of  curare  be  given,  this  effect  is  lessened ;  and 
if  the  animal  be  thoroughly  curarised,  then  the  second  section  produces 
no  effect. 

6.  When  any  operation,  such  as  section  or  stimulation  of  a  nerve, 
causes  strong  expiratory  action  of  the  abdominal  muscles,  this  alone  is 
sufficient  to  bring  about  an  increased  flow  of  blood  through  the  muscles 
of  the  leg.  Some  portion  then,  though  in  all  probability  not  the 
whole,  of  the  effect  noticed  in  the  preceding  paragraph  must  be 
ascribed  to  this  cause. 

6.  Electrical  or  mechanical  stimulation  of  the  peripheral  end  of 
the  muscle  nerve  causes  a  very  marked  dilation  of  the  muscle  arteries 
in  the  uncurarised  animal,  and  a  slighter  dilation  in  the  case  of  an 
animal  curarised  so  as  just  to  prevent  contraction  of  the  muscle  upon 
stimulation  of  the  nerve. 
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7.  In  the  thoroughly  curaxised  animal  stimulation  of  the  abdominal 
sympathetic  trunk,  or  of  the  muscle  nerve  in  all  probability,  causes  a 
slight  constriction  of  the  arteries  of  the  muscle. 

8.  According  to  present  theories  the  easiest  explanation  of  the 
above  facts  seems  to  be : 

That  the  muscle  nerve  contains  dilator  and  constrictor  fibres  of 
which  the  former  predominate. 

That  the  dilator  fibres  aJone  are  affected  by  curare. 

That  section  of  the  constrictor  fibres  removes  the  tonicity  of  the 
vessels  which  depends  on  the  central  mechanism,  while  section 
of  the  dilator  fibres  acts  as  a  strong  stimulation  to  them. 

That  the  loss  of  tone  consequent  upon  the  section  of  the  constric- 
tor fibres  is  quickly  regained  by  the  action  of  the  peripheral 
mechanism. 

And  that  the  constrictor  fibres  run  in  the  abdominal  sympathetic 
trunk. 

9.  Stimulation  of  an  afferent  nerve  causes  dilation  of  the  muscle 
arteries,  when  it  causes  a  reflex  contraction  of  the  muscle. 

10.  The  same  strength  of  stimulation  causes  a  similar  dilation  ^ 
without  contraction  of  the  muscle  when  the  animal  is  curarised. 

11.  Stimulation  of  the  central  end  of  a  nerve,  such  as  the  vagus, 
which  does  not  cause  any  reflex  contraction  of  the  muscle,  or  any  strong 
expiratory  action  of  the  abdominal  muscles,  produces  no  dilation,  but 
rather,  if  anything,  a  slight  constriction  of  the  arteries  of  the  muscles. 

12.  From  the  foregoing  it  follows,  that  the  activity  of  the  muscle 
however  caused*  is  accompanied  by  a  greater  flow  of  blood  through  it ; 
and  the  question  is  raised,  whether  the  vessels  of  muscles  do  not  assist 
in  the  production  of  the  variations  of  blood-pressure  brought  about  by 
stimulation  of  an  afferent  nerve,  in  those  cases  where  that  stimulation 
does  not  cause  any  contraction  of  the  muscles  in  question. 

In  this  paper  I  have  spoken  only  of  the  effect  of  stimulating  the 
muscle  nerve  by  means  of  the  interrupted  current^  or  mechanically. 
I  purposely  abstained  from  discussing  the  effects  of  other  kinds  of 
stimulation,  such  as  rhythmical,  chemical^  &a,  because  I  have  as  yet 

*  Wiih  respect  to  yolnntary  contraction  Mob  so  has  shown  by  means  of  his  Hydro- 
sphygmograph  that  in  this  case  too  an  increased  flow  of  blood  accompanies  muscular 
contraction.    Suite  Variationi  locali  del  polso  nelV  antibraecio  deW  tiomo,  p.  59.    Turin. 
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only  made  ooe  or  two  experiments  in  this  direction;  and,  therefore, 
preferred  to  leave  this  question  for  a  future  paper.  And  I  am  the 
more  inclined  to  do  this  since  the  appearance  of  Griitzner's  paper* 
on  the  effects  of  different  kinds  of  stimulation  upon  various  nerves. 
It  will  be  especially  interesting  to  see  whether  stimulation  of  the 
peripheral  end  of  the  crural  nerve  by  means  of  heating,  or  of  the 
constant  current,  is  without  effect  upon  the  nerve-fibres  which  regulate 
the  blood-flow  through  the  muscles,  as  Grtitzner  shows  by  direct 
observation  to  be  the  case  in  the  majority  of  centrifugal  nerves,  or 
whether  the  dilator  fibres  of  the  muscle  vessels  will  in  this  respect 
behave  similarly  to  the  dilator  nerves  of  the  skin  of  the  foot,  which, 
according  to  the  temperature  measurements  relied  on  by  Grtitzner, 
afford  a  single  and  remarkable  exception  to  what  is  otherwise  a  uni- 
versal law. 

In  ike  ca/rrying  out  o/the/breg&ing  eocperimenU  I  Jio/ve  been  greatly  cusisted 
by  a  gramJt  of  money  kindly  voted  to  me  by  the  Grant  Committee  of  the  British 
Medical  Associatioru 


EXPLANATION    OF    FIGURES. 


Plates  IX.,   X.,  XI. 

The  majority  of  the  figures  represent  the  rate  of  blood-flow  every  5 
seconds.  To  obtain  them  the  amount  of  blood  which  poured  out  during  each 
interval  of  5  seconds  was  estimated  from  the  original  cnrves  and  new  curves 
drawn  from  the  numbers  so  obtained,  as  is  fully  explaii^d  in  my  former 
paper.  Some  of  the  figures  are  facsimiles  of  the  original  curves  of  blood- 
flow  and  of  the  blood-pressure  curve&  All  these  are  rediiced  to  half  their 
original  size.  The  abscissa  line  is  in  every  case  divided  into  intervals  of 
5  seconda  To  each  figure  is  attached  a  vertical  scale,  each  unit  on  which 
represents  0*1  cc.  of  outflow,  so  that  in  all  cases  the  number  10  signifies  an 
outflow  of  1  oc.  of  blood  during  an  interval  of  5  seconds,  20  an  outflow  of 
2cc.,  &c.  Further,  when  the  blood-pressure  curve  is  given  as  well  as  the 
ciurve  of  flow,  then  the  same  numbers  represent  each  a  blood-pressure  of 
10  mm.  Hg.,  so  that  in  Fig.  18,  for  example,  13  i^presents  a  blood-pressure 
of  130  mm.  Hg.  and  an  outflow  of  1*3  cc.  of  blood  during  an  interval  of  5 
seconds.  All  the  curves  read  from  lefl  to  right.  The  arrows  indicate  the 
commencement  and  termination  of  the  stimulation  or  the  place  of  section  of 
the  nei*ve.  The  curve  of  blood-pressure  is  always  placed  exactly  over  the 
curve  of  blood-flow,  so  that  the  arrows  apply  equally  to  the  two  curves. 

•  PflUger's  Archiv,  Vol.  xvn.  p.  215. 
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Kg.  1.  Feb.  15,  1878.  Weight  7*5  kilo.  Curare  and  morphia.  Section 
of  craral  nerva 

Fig.  2.  Jan.  31^  1878.  Weight  8  kilo.  Curare  and  morphia^  Section 
of  crural  nerve. 

Fig.  3.  March  4,  1878.  Weight  1375  kilo.  Morphia  and  chloroform. 
Section  of  abdominal  sympathetic. 

Fig.  4.  Dec.  18,  1877.  Small  dog.  Figure  was  obtained  1  min.  after 
the  termination  of  Fig.  5,  and  shows  the  effect  of  clamping  the  femoral  vein 
below  as  well  as  above  the  orifice  of  the  extensor  vein. 

Fig.  5.  Same  experiment  as  Fig.  4.  Strong  stimulation  of  crural  nerve 
for  4  seconds.  In  the  figure  the  whole  amount  of  blood,  which  flowed  out  in 
the  5  seconds  interval  during  the  first  4  of  which  the  muscles  were  tetanized, 
is  given,  without  any  separate  measurement  of  the  outspurt  which  occurred 
at  the  beginning  of  the  tetanus. 

Fig.  6.  May  9,  1878.  Weight  65  kilo.  Morphia  and  chloroform. 
Clamping  of  femoral  artery. 

Fig.  7.  Same  as  Fig.  4.  Single  induction  shock.  The  outspurt  due  to 
the  single  contraction  of  the  muscles  is  shown. 

Fig.  8.  Feb.  20,  1878.  Weight  6-25  kilo.  Curare  and  morphia.  Figures 
under  8a  give  stimulation  of  crural  nerve  with  different  doses  of  curare. 
Fig.  86  shows  the  effect  of  crimping  the  nerve.  Between  the  upper  figure  in 
8a  and  86  there  was  a  pause  of  5  minutes. 

Fig.  9.  Same  as  Fig.  1.  Crural  nerve  crimped.  No  contraction  of  the 
muscles. 

Fig.  10.     Same  as  Fig.  2.     Crural  nerve  crimped.     No  contraction. 

Fig.  11.  Feb.  18,  1878.  Weight  20*5  kilo.  Curare  and  morphia. 
Stimulation  of  the  abdominal  sympathetic. 

Fig.  12.  June  13,  1878.  Weight  about  8  kila  Morphia  and  chloro- 
form. Section  of  crural  following  upon  section  of  the  abdominal  sympathetic. 
The  outspurt  due  to  the  momentary  contraction  of  the  muscles  is  shown  in 
the  curve. 

Fig.  13.  April  1,  1878.  Weight  9  kilo.  Morphia  and  chloroform. 
Stimulation  of  saphena  after  section  of  crural  nerve.  Shows  the  effect  of 
violent  expiration  on  the  blood-flow  through  the  muscles. 

Fig.  14.  June  17,  1878.  Weight  8  kilo.  Morphia  and  chloroform. 
The  curve  consists  of  three  parts.  The  first  portion  shows  the  rate  of  flow 
1^  hours  after  section  of  the  abdominal  sympathetic ;  the  second  gives  the 
effect  of  section  of  the  left  crural,  and  the  third  of  section  of  the  right  crural. 
The  blood-flow  was  measured  on  the  left  side  in  all  three  portions  of  the 
figure. 

Fig.  15.  Jan.  30,  1878.  Morphia  and  chloroform.  Blood-pressjure  curve 
one  half  original  size.  Deduced  curve  of  flow.  Stimulation  of  central  end  of 
vagus. 

Fig.  16.  Same  as  Fig.  15.  Original  curve  of  blood-flow  and  blood-pres- 
sure curve,  both  reduced  one-half  size.     Stimulation  of  central  end  of  radial 
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n^rve.     The  reflex  contraction  of  the  extensor  muscles  is  shown  on  the  curve 
of  blood-flow.     Between  Figs.  15  and  16  there  was  an  interval  of  16  min. 

Fig.  17.  Same  experiment  as  Figs.  15  and  16.  Between  Figs.  16  and  17 
there  was  a  pause  of  3  minutes.  Stimulation  of  central  end  of  radial  nerve. 
Original  curves  of  blood-flow  and  blood-pressure,  both  reduced  one-half  size. 
The  reflex  contraction  of  the  muscles  is  shown  on  the  curve  of  flow. 

Fig.  18.  May  4,  1878.  Weight  8-5  kilo.  Morphia  and  chloroform. 
Stimulation  of  central  end  of  saphena.  Deduced  curve  of  blood-flow  in  which 
the  outspurt  shows  when  the  contraction  of  the  muscles  occurred.  Blood- 
pressure  curve. 

Fig.  19.  Same  as  Fig.  18.  An  interval  of  14  minutes  between  the  two 
curves.  Stimulation  of  saphena.  Deduced  curve  of  flow  showing  where  con- 
traction occurred  and  blood-pressure  curve. 

Fig.  20.  Same  as  Fig.  19.  A  pause  of  7^  minutes  between  the  two 
curves.  Stimulation  of  central  end  of  vagus.  Blood-pressure  curve  and 
deduced  curve  of  flow. 

Fig.  21.  Same  as  Fig.  20.  Stimulation  of  saphena.  Blood-pressure 
curve  and  deduced  curve  of  flow.  The  contraction  of  the  muscles  which 
occurred  when  the  sea  coil  was  pushed  to  60  mm.  is  not  shown  on  the  curve, 
but  the  whole  outflow  during  the  5  seconds  in  which  the  contraction  occurred 
is  given  instead. 

Fig.  22.  Jan.  22,  1878.  Small  terrier  bitch.  Morphia  and  chloroform. 
Stimulation  of  the  central  end  of  vagus.  Blood-pressure  curve  and  deduced 
curve  of  flow. 

Fig.  23.  Aug.  14,  1877.  Dog,  small.  Morphia  and  curare.  Stimula- 
tion of  central  end  of  vagus. 

Fig.  24.  Nov.  24,  1877.  Dog,  medium  size.  Morphia  and  curare. 
Stimulation  of  central  end  of  saphena. 

Fig.  25.     Same  as  Fig.  24.     Stimulation  of  central  end  of  saphena. 

Fig.  26*.  March  20,  1878.  Weight  6*6  kilo.  Morphia  and  chloroform. 
Stimulation  of  central  end  of  vagus.  Blood-pressure  curve  and  deduced  curve 
of  flow. 

Fig.  27.  Same  as  Fig.  26.  Curare.  Stimulation  of  central  end  of  vagus. 
Blood-pressure  curve  and  deduced  curve  of  flow. 

Fig.  28.  March  26,  1878.  Weight  6  kilo.  Chloroform  and  curare,  no 
morphia.     Stimulation  of  central  end  of  saphena, 

*  The  scale  in  this  figure  has  not  been  drawn  quite  correotlj  for  the  blood-pressure 
ourve ;  16  should  have  been  15,  15  have  been  14,  and  so  on.  The  scale  is  correct  for  the 
ourye  of  blood-flow. 


THE  FUNCTION  OF  THE  EPIGLOTTIS  IN  DEGLUTI- 
TION AND  PHONATION.  By  G.  L.  WALTON,  Hivrmtrd 
Medical  School^  Boston, 

[The  experiments  described  in  this  paper  were  performed  in  the 
laboratory  of  the  Harvard  Medical  School  under  the  direction  of  Dr 
H.  P.  Bowditch.] 

The  object  of  this  paper  is  to  show : — 

L  That  the  epiglottis  is  not  essential  to  deglutition,  even  of 
liquids.  In  support  of  this  view  the  experiments  of  the  writer  will  be 
given,  and  former  experiments  on  the  epiglottis  will  be  considered. 

The  bearing  of  pathological  cases  on  this  subject  will  then  be 
discussed. 

IL  That  the  epiglottis  is  an  important  agent  in  the  modification  of 
the  voice.  Previous  observations  will  be  quoted,  and  the  results  given 
of  the  study  of  the  epiglottis  in  phonation  with  the  aid  of  a  professional 
singer,  and  of  experiments  on  the  voice  artificially  produced  in  the 
dead  larynx. 


The  Function  of  the  Epiglottis  in  Deglutition. 

Marshall  says*  : — **  The  opening  into  the  larynx  is  protected  by  the 
epiglottis,  a  leaf-like  valve,  situated  at  the  root  of  the  tongue.  This 
valve  in  the  ordinary  condition  of  the  parts  stands  erect  with  its  free 
margin  drawn  upwards;  when  however  the  tongue  Ls  raised,  and 
pressed  backwards  at  the  end  of  the  first  stage  of  deglutition,  the 
larynx  is  elevated,  and  the  mass  of  food,  or  the  portion  of  liquid  then 
swallowed,  presses  the  previously  erect  epiglottis  downwards  and  back- 
wards, so  as,  together  with  certain  folds  of  mucous  membrane  connected 
with  its  borders,  completely  to  close  the  opening  into  the  larynx,  whilst 
the  food  or  drink  is  passing  by  it  into  the  lower  part  of  the  pharynx." 

*  OuUines  of  Physiology,  Philad.  1868,  p.  50S. 
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Beclard*  calls  the  epiglottis  the  "Obturateur  par  excellence  du 
larynx,"  saying  also,  "  In  dogs  deprived  of  the  epiglottis,  it  is  true  that 
solid  foods  rarely  fall  into  the  respiratory  passage ;  the  same  is  not  true 
of  drinks,  which  penetrate  then  quite  easily." 

Longetf  says,  that  the  epiglottis  acts  as  a  causeway  (digue) 
"which  to  prevent  that  disagreeable  disaster  (food  in  the  trachea) 
directs  the  liquids  into  the  two  trenches  of  the  larynx." 

These  quotations  express  the  general  opinion  both  of  physiologists, 
and  of  laryngoscopic  observers.  •  The  epiglottis  is  commonly  looked 
upon  simply  in  the  light  of  a  valve,  placed  at  the  entrance  of  the 
larynx  to  protect  the  respiratory  passages  from  the  penetration  of 
foreign  matters,  more  especially  of  fluids. 

Not  all  writers  have,  however,  overlooked  the  proper  function  of 
this  organ. 

Moura:]:>  ^^^  example,  in  1867,  called  attention  to  the  fact  that  its 
action  was  a  more  complex  one  than  this  mere  valvular  movement,  and 
that  its  function  in  deglutition  was  of  less  importance  than  is  generally 
considered. 

Magendie  thought  that  the  epiglottis  played  a  very  unimportant 
part  in  deglutition. 

The  opinion  that  considerable  importance  is  to  be  attached  to  the 
function  of  the  epiglottis  in  deglutition,  is  based  principally  on  (a)  The 
experiments  of  Longet,  and  (6)  Pathological  observatious ;  many  cases 
being  reported  in  which  loss  of  the  epiglottis  by  disease  or  wound  has 
been  followed  by  difficulty  in  swallowing  liquids. 


a. 

Longet§  excised  the  epiglottides  of  six  dogs,  and  kept  them  till  the 
wounds  were  entirely  healed. 

In  five  the  swallowing  of  liquids  was  always  accompanied  by  a 
cough,  in  the  sixth  no  difficulty  was  experienced. 

In  the  sixth  case  a  swelling  was  found  after  death  projecting  over 
the  larynx. 

Longet 's  conclusion  was  that  the  epiglottis  played  an  important 
part  in  deglutition,  particularly  in  that  of  liquids. 

♦  TraiU  EUmentaire  de  PhyHologie,  Paris,  5th  ed.,  1856,  p.  69. 

t  TraiU  de  Physiologie,  Tome  i.  p.  105. 

X  Uacte  de  la  Deglutition,  son  Micanismc.    Paris,  1867. 

§  TraiU  de  Physiologic,  Tome  i.  p.  106. 
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Longet  was  led  to  these  experiments  by  the  results  Magendie 
had  obtained  at  a  previous  time. 

Magendie*  reports  that  he  extirpated  the  entire  epiglottis  in 
dogs,  and  found  that  no  diflSculty  followed  the  deglutition  of  solids  or 
liquids,  cough  rarely  following.  His  observations  were  made  an  hour 
after  operation. 

He  came  to  the  conclusion  that  the  closure  of  the  glottis  itself  was 
the  principal  agent  in  keeping  fluids  out  of  the  larynx,  of  which  he 
satisfied  himself  by  dividing  the  laryngeal  and  recurrent  laryngeal 
nerves  of  an  animal,  leaving  the  epiglottis  untouched.  In  this  way,  he 
says,  "we  render  deglutition  extremely  difficult,  because  we  have  taken 
away  the  principal  cause  which  prevents  the  introduction  of  aliments 
into  the  glottis." 

Previous  to  this  time  it  had  been  noticed  by  Guglielmini  and 
Targioni,  that  persons  in  whom  the  epiglottis  was  wanting,  swallowed 
without  difficulty,  though  the  prevailing  opinion  was  on  the  opposite 
side. 

These  experiments  of  Magendie,  Longet  set  aside,  concluding 
from  his  own  results,  that  the  exsections  of  Magendie  were  incomplete, 
or  perhaps  that  his  observations  were  taken  too  soon  after  operation. 

These  contradictory  results  led  the  writer  to  try  on  several  animals 
the  eflfect  of  cutting  out  the  epiglottis ;  the  results  were  as  follows. 

Case  L  A  cat  The  valvular  parts  of  the  epiglottis  excised,  and  the 
animal  kept  under  obeervation  for  three  days,  during  which  time  there  was  no 
difficulty  nor  cough  on  swallowing  solids  or  liquids. 

Case  II.  A  dog.  A  similar  operation  to  the  last  No  difficulty  nor 
choking  during  four  days.     Killed  on  the  fourth  day. 

Autopsy.     Stump  of  epiglottis  remaining,  not  enough  to  cover  the  glottis. 

Case  III.  A  dog.  Epiglottis  completely  excised  First  day  refused  to 
eat  till  evening ;  at  evening  ate  and  drank  without  difficulty  or  cough.  For 
three  days  following  swallowed  solids  and  liquids  easily,  giving  on  one  occa- 
sion only  a  slight  cough. 

Autopsy.     Epiglottis  entirely  gone. 

Case  IV.  A  dog.  Epiglottis  excised.  First  day  coughed  convulsively  on 
attempting  to  drink.  After  the  first  day  ate  and  dnuik  always  without 
difficulty  or  choking.  ■  Observations  taken  for  thirteen  days* 

Autopsy.     A  small  stump  only  remaining. 

Case  Y.  A  dog.  Epiglottis  excised.  Dog  kept  fifteen  days.  No  choking 
with  solids  or  liquids.  Died  on  the  fifteenth  day.  This  was  a  sickly  dog 
before  the  operation. 

*  PricU  EUmentaire  de  Phy$iologie,  Tome  il  p.  66. 
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Autopsy.  Epiglottis  entirely  gona  Endocarditis  and  pleuritis  with  large 
effusion,  accounting  for  the  death. 

Case  VL  A  cat.  Epiglottis  excised.  Kept  thirteen  days,  during  which  it 
swallowed  liquids  and  solids  easily,  never  choking.  KiUed  on  the  thirteenth 
day. 

Autopsy.     Epiglottis  entirely  gone. 

In  these  experiments  the  animal  was  etherized,  the  jaws  held  well  open, 
the  tongue  drawn  forward  and  held,  the  epiglottis  seized  with  forceps,  drawn 
upwards  and  forwards  and  removed  with  curved  scissors.  In  the  first  two 
cases  the  cut  was  made  from  the  front,  dividing  first  the  glosso-epiglottic 
ligament.  This  was  found  not  to  remove  the  epiglottis  so  effectually  as  the 
method  afterwards  followed,  which  was  to  cut  down  on  one  aide,  across,  and 
up  on  the  other. 

It  should  be  added  that  in  no  case  was  the  writer^s  observation  alone 
trusted,  but  the  swallowing  of  each  animal  was  watched  by  one  or  more  other 
observers.  The  larynges  are,  with  the  exception  of  the  first  two,  still  in  the 
writer's  possession* 

The  only  conclusion  to  be  drawn  from  these  experiments  is,  that 
the  entire  epiglottis  may  be  removed  from  dogs  or  cats  without  solids 
or  liquids  entering  the  larynx.  For  in  three  of  the  animaLs  operated 
on,  two  dogs  and  one  cat,  the  excision  of  the  epiglottis  was  absolutely 
complete,  and  no  choking  in  deglutition  followed.  In  the  other  three 
cases  the  valvular  portion  was  removed  with  a  similar  result. 

The  only  supposition  to  be  made  with  regard  to  Longet's  experi- 
ments, is,  that  this  physiologist  in  his  care  to  remove  the  whole  epi- 
glottis, cut  away  some  of  the  essential  part  of  the  lips  of  the  glottis,  thus 
preventing  its  perfect  closure. 

This  is  simply  a  hypothesis,  still  it  is  as  fair  as  for  Longet  to  set 
aside  Magendie's  experiments  under  the  supposition  that  his  opera- 
tions were  incomplete ;  Magendie  having  clearly  stated  that  he  re- 
moved the  entire  epiglottis.  Certainly  there  is  no  more  reason  to 
suppose  that  Magendie  would  perform  his  experiments  badly,  than 
that  Longet  would  do  the  same. 

The  following  experiment  shows  how  an  excessive  incision  may 
interfere  with  deglutition. 

Case  YII.  A  dog.  An  incision  was  made  with  curved  scissors,  removing 
not  only  the  entire  epiglottis,  but  enough  of  the  lips  of  the  glottis  to  prevent 
its  perfect  closure.  Observations  were  taken  for  fourteen  days.  During  the 
first  four  days  the  animal  coughed  convulsively  at  every  attempt  to  drink. 
After  the  fourth  day  would  swallow  many  times  in  succession  without  difii- 
culty,  but  on  ceasing  to  drink,  a  cough  would  invariably  follow.  Dog  killed 
on  the  fourteenth  day. 
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Aniopfiff.  Epiglottis  entirely  gone ;  also  enough  of  the  lips  of  the  glottis 
to  prevent  its  perfect  closure. 

This  case  shows  that  too  large  an  incision  may  produce  a  cough, 
which  is  not  necessarily  to  be  attributed  to  the  loss  of  the  epiglottis. 

This  case  tends  at  the  same  time  to  establish  the  fact  that  the 
valvular  action  of  the  epiglottis  can  be  dispensed  with,  as  the  animal 
could  swallow  many  times  without  showing  evidence  of  liquid  having 
entered  the  larynx.  As  many  as  forty  swallows  were  counted  at  a 
draught  without  sign  of  choking. 

The  supposition  that  Mag  en  die's  conclusion  would  have  been 
different  if  his  dogs  had  been  kept  longer,  seems  an  improbable  one, 
as  in  each  of  the  writer's  experiments,  where  a  change  was  seen  in 
the  swallowing  in  progress  of  time,  the  change  was  always  for  the 
better.    This  is  seen  in  Cases  lY.  and  VII. 

Moura  states  that  he  cut  out  the  epiglottides  of  three  dogs,  and 
that  no  difBculty  in  deglutition  followed.  He  performed  the  opera- 
tion with  curved  scissors,  and  confirmed  the  results  by  the  laryn- 
goscope. 

The  weight  of  evidence  then  is  in  favor  of  the  view  that  the 
epiglottis  is  not  essential  to  the  deglutition  of  dogs  and  cats.  We 
cannot  of  course  assume  from  this  alone  that  the  epiglottis  is 
equally  inessential  to  deglutition  in  man. 

Moura*,  in  fact,  concluded  that  the  argument  could  not  be  ex- 
tended from  the  dog  to  the  man,  on  account  of  the  difference  in 
the  anatomical  disposition  of  the  parts.  His  opinion  was  that  the 
lower  third  of  the  epiglottis  was  required,  in  man,  to  guard  the 
larynx.  This  he  illustrated  by  the  fact  that  when  the  epiglottis  is 
turned  up  and  attached  to  the  tongue,  the  deglutition  of  liquids  is 
impossible  without  cough.  He  cites  for  example  a  case  in  which 
the  epiglottis  was  attached  to  the  tongue  by  several  small  tumors. 
Also  a  case  of  oedema  of  the  glottis,  in  which  the  epiglottis  was 
drawn  forwards  in  the  median  line. 

This  opinion  may  be  the  correct  one,  but  it  cannot  be  considered 
proved  by  Moura,  as  in  both  of  the  cases  mentioned,  the  lesion 
extended  farther  than  to  the  epiglottis,  for  in  one  is  mentioned  loss 
of  voice,  and  in  the  other,  rigidity  of  the  vocal  cords. 

Even  if  difficulty  in  deglutition  should  be  found  to  follow  a 
fastening  forward   of  the   epiglottis,  no  other  organs  being  injured, 

*  Vacte  de  la  DSglutition,  son  MicanUme,    PariBi  1867,  p.  43. 
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the  fact  would  not  be  established  that  the  lower  part  even  of  the 
epiglottis  is  essential  to  swallowing;  for  this  drawing  forwards  must 
alter  the  position  of  other  parts,  and  could  not  be  considered  so 
satisfactory  an  argument  as  the  destruction  of  the  epiglottis.  With 
regard  to  such  destruction,  Moura  himself  testifies,  "J'ai  maintes- 
fois  constat^  que  des  malades  atteints  d'ulcdrations  profondes  tant 
de  r^piglotte  que  des  cordes  vocales,  mangeaient  et  buvaient  sans 
accuser  la  moindre  difficult^,  la  douleur  except^e." 

h. 

We  come  now  to  the  consideration  of  pathological  observations. 

It  seems  to  be  the  general  impression  that  the  cases  reported  in 
which  the  epiglottis  has  been  destroyed  by  disease  or  wound,  show 
conclusively  the  connection  between  its  presence  and  the  perfect  de- 
glutition of  liquids. 

There  are  many  cases  reported  in  which  difficulty  of  swallowing 
has  followed  wounds  or  ulceration  involving  the  epiglottis.  Such 
cases  prove  nothing  however,  unless  the  fact  is  established  in  each  case 
that  the  woimd  or  ulceration  injures  no  other  part  concerned  in  de- 
glutition. 

Two  cases  reported  by  Larrey  are  very  commonly  cited  in  this 
connection;  those  of  General  Murat,  and  a  common  soldier,  each  of 
whom  lost  the  epiglottis  by  a  wound,  and  in  both  cases  the  loss  was 
followed  by  inability  to  swallow  liquids. 

The  following  are  the  important  facts  taken  from  Larre^s  report* 
of  these  cases. 

A  musket  ball  entered  the  general's  neck  at  the  angle  of  the  jaw, 
and  penetrated  to  the  opposite  angle.  A  large  portion  of  the  base 
of  the  tongue  was  hollowed  out;  the  loose  floating  half  of  the  epi- 
glottis was  cut  off  and  expectorated.  There  persisted  for  some  time 
an  obstinate  and  painful  cough,  and  the  patient  was  deprived  of 
speech  and  all  power  of  pronunciation.  Difficulty  in  deglutition  also 
persisted,  and  it  was  so  impossible  to  swallow  fluids  without  a  suffo- 
cating cough,  that  they  had  to  be  passed  into  his  oesophagus  by  a 
tube.    The  voice  never  gained  its  original  strength. 

Now  if  we  consider  the  loss  of  epiglottis  to  be  the  cause  of  the 
trouble  in  deglutition  in  this  case,  to  be  logical  we  must  charge  it  with 
the  other  symptoms.    We  must  therefore  conclude  that  the  loss  of  the 

*  Clinique  Chirurgieale,  Tome  n.  p.  142. 
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upper  half  of  the  epiglottis  causes  an  obstinate  and  painful  cough,  and 
complete  loss  of  speech  and  pronunciation,  as  well  as  rendering  it 
impossible  to  swallow  liquids. 

The  case  of  the  common  soldier  is  similar.  In  this  case  the  whole 
epiglottis  wiis  shot  out  and  expectorated.  No  liquid  could  be  swal- 
lowed without  a  convulsive  and  suffocating  cough.  Power  of  speech  was 
only  regained  after  a  considerable  lapse  of  time,  and  then  in  a  very 
incomplete  manner. 

The  wound  in  this  case  was  more  severe  than  in  the  last,  and 
here  still  less  is  the  conclusion  a  logical  one  that  the  loss  of  the 
epiglottis  was  the  lesion  which  interfered  with  deglutition. 

Merklin  and  Bonnet  are  quoted  as  reporting  cases  in  which  loss 
of  the  epiglottis  was  followed  by  difficulty  in  swallowing  liquids. 

The  works  in  which  these  reports  were  made  are  not  at  hand*,  but 
Pin  el  and  Percy  in  their  report  on  the  M^moire  of  Magendie  at- 
tributed the  difficulty  in  these  cases  rather  to  "pathological  alterations 
of  the  true  organs  of  deglutition,  than  to  destruction  of  the  epiglottis, 
which  could  not  be  effected  without  involving  changes  unfavorable  to 
their  action." 

The  cases  in  which  the  epiglottis  has  been  destroyed  by  ulceration, 
as  from  syphilis,  phthisis  or  chronic  laryngitis,  prove  no  more  than  the 
case  of  Murat,  unless  the  fact  is  stated  that  the  ulceration  is  limited  to 
the  epiglottis. 

The  writer  has  looked  through  many  reports  of  cases  of  diseased 
larynges,  in  search  of  a  case,  in  which  the  fact  should  be  clearly  stated 
that  the  lesion  was  limited  to  the  epiglottis,  and  liquids  should  be 
reported  as  penetrating  the  larynx. 

Such  a  case  has  not  been  found  in  a  careful  search  through  reports 
of  Tuerck,  Burow,  Mandl,  Ryland,  Czermak,  Mackenzie  and 
other  writers  by  whom  such  cases  seemed  likely  to  be  reported. 

In  every  case  found  in  which  trouble  in  swallowing  liquids  followed 
loss  of  the  epiglottis,  it  proved  that  the  ulceration  had  extended  far- 
ther. 

The  common  points  attacked  seem  to  be  the  aryteno-epiglottic 
folds,  the  false  and  the  true  vocal  cords. 

One  case  condensed  &om  Czermak*!*  will  suffice  to  illustrate  this 
point. 

*  De  ventositate.  Spina,  p.  273,  et  Sepulchretumf  Tome  n.  p.  81,  Obs.  Yi. 
t  On  the  Laryngoscope,  translated  by  Gibb.    London,  1861,  p.  57. 
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8  years,  has  had  aphonia  for  6  years.  . . .  Vditm  paiaii  exhibited 
remarkable  wasting,  the  result  of  laryngeal  ulceratioms 
which  were  now  entirely  cicatrized.  "The  epiglottis 
Iiad  disappeared,  and  there  remained  bat  a  ebort  stump, 
irregularly  excavated,  especially  on  the  right  aide. 
Whatever  the  patient  swEillowed  produced  a  choking 
sensation."  Bight  superior  vocal  cord  considerably 
thickened  ;  its  surface  irregular  and  rough.  "  The  BUr- 
,  face  of  the  left  superior  vocal  cord  likewise  rough, 
cicatrized,  and  had  suffered  beeidee  a  great  loss 
of  substance  at  its  internal  border.  Consequently 
we  could  perceive  a  large  portion  of  the  inferior  vocal  cord  relatively 
normal,  whilst  on  the  right,  the  vocal  cord  was  deeply  excavated  behind,  and 
almost  entirely  covered  by  the  false  vocal  cord.  The  other  pai-ts  of  the 
mucous  membrane,  especially  the  right  aryteno-epiglottio  ligament,  presented 
considerable  loss  of  substance,  and  also  numerous  cicatrices."     Fig.  1. 

The  order  id  which  the  symptoms  are  reported  in  this  case  leads  «a 
to  infer  that  the  choking  was  attrihuted  to  the  loss  of  the  epiglottia, 
notwithstanding  the  severity  of  the  ulceration  of  the  glottis,  which  was 
so  extensive  as  to  quite  preveut,  as  Czermak's  illustration  shows,  the 
closure  of  the  glottis*. 

Many  cases  are  reported  in  which  the  greater  part  of,  and  even 
the  whole  of  the  epiglottis  has  been  destroyed  with  uo  impairment  to 
the  deglutition  of  liquids. 

The  following  case  from  Burovt  illustrates  this  fact. 

C,    H.    48  yeaiB  old,  ...Voice  reduced  to  a  scarcely  audible   whisper. 
Ulceration    in    throat.       Respiration    audibia    ... 
'^"    '  "Patient   swallows   solid   as   well    as    liquid   food 

without  choking,  like  a  healthy  man."  Right 
arch  of  pharynx  defective,  with  old  cicatrices.  ..; 
"  Epiglottis  wanting  for  the  most  part.  On  the 
light  it  ends  with  a  little  round  knob,  on  the  left 
with  a  fringed  exb^mity  like  a  cock's  comb.  The 
remains  are  curved  upwards  and  forwards  so  that 
■*  an  abnormally  great  part  of  the  inner  surface,  to- 
gether with  the  tubercle,  is  visible.  There  is,  however,  only  a  trace  of  it 
remuniug."    Fig.  2. 

The  fact  that  in  this  instance  the  loss  of  the  epiglottis  did  not 
prevent  perfect  deglutition,  Burow  explains,  must  have  been  due  to  a 
closure  of  the  false  vocal  cords.  It  is  a  curious  fact  that  most  observers 
reporting  cases  of  this  sort,  consider  a  special  explanation  necessary, 

•  Tuerok  reports  cases  similar  in  his  Krankheiten  de>  Eehllcopfei,  Wien,  ISM,  Cases 
161— 162--137.     Also  Bjlniia,  Larynx  and  Trachea,  p.  67. 
t  Larj/ngotcopifckfr  Aliai.     Btuttgart,  1877,  Tat  n.  Fig.  7- 
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taking  it  for  granted  that  these  cases  are  the  exception  instead  of  the 
rule. 

Norton*  however  says,  "In  several  cases  of  both  syphilitic  and 
tubercular  ulceration,  I  have  seen  the  epiglottis  entirely  disappear  by 
the  ulceration.  Its  loss  was  no  inconvenience  whatever  to  the  patient; 
no  food  or  fluid  ever  passed  into  the  larynx." 

Many  cases  could  be  quoted  in  which  great  or  entire  loss  of  epi- 
glottis has  been  followed  by  no  sign  of  liquids  entering  the  larynx  -f". 
Care  should  be  taken  in  reading  such  cases  to  distinguish  between 
difficulty,  meaning  pain  in  deglutition,  and  difficulty  through  liquids 
entering  the  larynx,  the  latter  being  evinced  by  a  cough. 

Revere  says  J  "I  have  known  two  individuals  in  whom  the  epiglottis 
was  entirely  wanting,  but  in  whom  deglutition  was  performed  without 
any  difficulty.  If,  in  a  laryngeal  phthisis,  with  destruction  of  the 
epiglottis,  deglutition  is  imperfect  and  laborious,  it  arises  from  the 
arytenoid  cartilages  being  carious,  and  the  edges  of  the  glottis  ulcerated 
so  that  they  become  incapable  of  closing  exactly  the  opening  of  the 
glottis." 

This  opinion  seems  better  borne  out  by  the  facts,  than  that  ex- 
pressed by  most  physiologists. 

An  argument  advanced  by  Longet  should  be  considered  before 
leaving  this  part  of  the  subject. 

He  says  that  when  the  glottis  is  prevented  from  closure,  the  epi- 
glottis being  left  intact,  the  deglutition  of  fluids  is  not  interfered  with. 
He  cites  cases§  in  which  this  has  occurred  in  disease,  and  experimen- 
tally he  has  shown  it  by  holding  the  glottis  of  an  animal  open  by  means 
of  forceps  introduced  into  the  trachea  from  below  ||. 

The  same  fact  the  writer-  has  verified  by  a  diflferent  experiment,  as 
follows. 

Case  Vni.  A  large  dog.  Aryteno-epigloitidean  folds  excised  including 
cartilages  of  Wrisberg  and  Santorini,  also  false  vocal  cords  in  their  middle 
IK)rtion,  the  incision  reaching  to  the  ventricle  on  each  side.  Dog  observed  for 
five  days,  during  which  no  difficulty  was  experienced  in  swallowing  solids 
or  liquids.     The  larynx  is  preserved. 

*  Affections  of  the  Throat  and  Larynx^  London,  1S57,  p.  70. 
t  Taerck,  Krankheiten  des  Kehlkopfet,  Cases  134, 170, 161. 

X  Human  Physiology  on  basis  of  Prieis  EUmentaire  de  Phyriologie,  par  F.  Magendie, 
p.  283,  note. 

§  Traite  de  Physiologie,  p.  107. 
II  Ibid.  p.  110. 
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Now  it  has  been  seen  from  pathological  cases  reported,  and  verified 
to  a  certain  degree  by  Case  vil.  in  this  paper,  that  when  the  epiglottis 
is  wanting,  and  at  the  same  time  the  glottis  is  unable  to  close  perf'ejctly, 
difficulty  follows. 

The  following  experiments  illustrate  this  fact. 

Case  IX.  A  dog.  Epiglottis  excised,  also  folds,  cartilages  of  Wrisberg 
and  SaDtorini,  and  parts  of  false  vocal  cords.  Watched  six  days.  Coughed  at 
almost  every  attempt  to  eat  or  drink. 

Case  X.  A  large  dog.  Epiglottis  excised,  also  folds,  and  false  vocal 
cords  to  the  ventricles.  Observed  twenty-one  days.  Choked  on  swallowing 
Uquids  and  soUds  at  ever^  trial. 

It  has  been  shown  then  by  pathological  cases,  by  Longet's  experi- 
ment, and  by  Case  viii.,  that  while  the  epiglottis  is  intact,  and  the 
glottis  cannot  close,  no  difficulty  follows ;  again,  it  has  been  shown  by 
pathological  cases,  and  by  Cases  ix.  and  x.,  that  when  the  epiglottis  is 
wanting  and  at  the  same  time  the  glottis  can  not  close,  difficulty  follows. 

The  only  conclusion  to  be  drawn  from  these  facts  is  that  the 
epiglottis  is  able  to  close  the  larynx,  and  that  it  does  so  when  the 
glottis  fails  to  perform  its  duty. 

The  fact,  however,  that  while  the  glottis  is  in  its  normal  condition, 
liquids  do  not  enter  the  larynx  whether  the  epiglottis  is  present  or  not, 
shows  that  the  epiglottis  under  normal  conditions  is  not  required  to 
protect  the  larj'nx. 

The  epiglottis  is  then  an  additional  safeguard,  and  not  absolutely 
valueless  in  the  mechanism  of  deglutition. 

Summary.    It  has  been  shown, 

L  That  the  epiglottis  can  be  removed  from  dogs  and  cats  without 
interfering  with  deglutition. 

IL  That  the  cases  commonly  quoted  to  prove  the  connection  be- 
tween the  epiglottis  and  the  deglutition  of  fluids  prove  nothing ;  not  a 
single  case  having  been  found  after  a  careful  search  through  the  reports 
of  laryngoscopic  observers,  in  which  the  lesion  is  shown  to  be  limited  to 
the  epiglottis,  and  liquids  are  reported  as;  causing  a  cough  on  deglu- 
tition, i 

III.  That  there  are  many  cases  in  which  loss  of  the  epiglottis  has 
not  been  followed  by  difficulty  in  swallowing  liquids. 

IV.  That  in  failure  of  the  glottis  to  c|ose,  the  epiglottis,  if  unin- 
jured, is  able  to  protect  the  larynx,  but  i4  the  normal  condition,  the 
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presence  of  the  epiglottis  is  not  essential  to  perfect  deglutition.     It  is 
therefore  only  an  additional  safeguard. 


The  Epiglottis  in  Phonation. 

The  epiglottis  is  held  in  position  by  muscles  and  ligaments  which 
draw  it  in  many  diflferent  directions  in  whole  or  in  part.  These  have 
such  control  over  it  as  to  hold  it  in  almost  any  position  from  the  upright 
to  the  horizontal. 

The  adaptive  power  of  this  organ  especially  impressed  itself  on  the 
writer  during  the  laryngoscopic  study  of  the  throat  of  a  professional 
singer. 

The  epiglottis  was  seen  to  take  different  positions  during  vocaliza- 
tion in  changes  of  pitch,  quality,  and  intensity. 

It  is  not  the  present  intention  to  discuss  the  theory  of  voice  forma- 
tion, and  the  changes  in  register,  pitch  and  timbre.  Attention  will  be 
confined  to  observations  which  illustrate  the  action  of  the  epiglottis, 
and  no  more  of  the  theory  of  voice  mechanism  will  be  involved  than  is 
necessary  to  explain  the  changes  observed,  and  that  in  a  very  primitive 
manner. 

The  object  of  this  part  of  the  paper  is  simply  to  show  from  absolute 
observation  .that  the  epiglottis  plays  an  important  part  in  the  formation 
and  modification  of  the  voice. 

This  function  of  the  epiglottis  does  not  seem  to  have  attracted  much 
attention.  This  organ  is  generally  described  by  physiologists  aOs  a 
cartilage  placed  as  a  valve  at  the  entrance  of  the  larynx,  to  keep  food 
especially  liquid  food  out  of  the  respiratory  passages,  the  author  as- 
cribing more  or  less  importance  to  this  function  according  to  his  judg- 
ment. 

The  laryngoscope  has  revealed  the  fact  that  the  action  of  the  epi- 
glottis is  not  limited  to  this  valvular  movement. 

Moura,  in  the  work  previously  alluded  to,  calls  attention  to  the 
fact  that  the  movements  executed  by  the  epiglottis  during  the  deglu- 
tition and  during  song  are  by  no  means  the  same,  and  that  in  the  latter 
its  own  proper  movements  come  into  play.  He  says: — "M.  Manuel 
Garcia,  professeur  de  chant,  a,  le  premier,  en  1855,  constat^  que  T^pi- 
glotte  execute  pendant  le  chant  de  Mgers  mouvements  de  tension  et 
de  rCdresseinent.     M.  Czermak  les  a  confirm^s  apr^  lui,  et  il  n'est 
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pas  aujourd'hui  de  m^decin  s'occupant  un  peu  de  laryngoscopie  qui  ne 
les  ait  observes." 

Among  the  other  writers  who  have  attached  importance  to  the  epi- 
glottis in  phonation  may  be  mentioned  M age n die*,  who  seems  to 
have  attributed  to  the  epiglottis  a  function  similar  to  a  valve  over  the 
reeds  of  an  organ  pipe,  permitting  the  tone  to  be  swelled  without 
raising  the  pitch.    This  action  will  be  alluded  to  farther  on. 

J.  Miiller'l'  and  MerkelJ  both  consider  the  pitch  to  be  lowered, 
and  the  quality  changed  by  the  pressing  down  of  the  epiglottis  upon 
the  larynx. 

The  latter  writer  states§  that  he  has  observed  a  decided  alteration 
in  timbre  on  cutting  oflF  the  epiglottis  from  the  exsected  larynx,  also 
that  the  tone  was  afterwards  not  so  easily  swelled  as  before,  and  that 
it  was  no  longer  so  easy  to  produce  a  clear  tone.  He  has  explained 
carefully  the  disposition  of  the  parts  in  singing,  showing  that  the  epi- 
glottis is  of  importance  in  influencing  the  direction  of  the  vibrations 
which  it  receives  and  reflects,  so  as  to  produce  the  best  efiect. 

Merkel  quotes  Despiney  as  mentioning  the  change  in  quality  of 
the  tone  produced  by  the  epiglottis  pressing  down  on  the  glottis,  a  flute 
tone  resulting;  also  as  describing  a  movement  "hin  und  her"  of  the 
epiglottis  on  some  tones,  as  the  tremulous. 

Mayer  is  also  quoted  by  Merkel  as  describing  the  rolling  in  of 
the  epiglottis  in  phonation,  verified  by  placing  the  finger  in  the  hollow 
of  the  epiglottis;  also  the  increased  tension  of  the  epiglottis  on  the 
high  notes. 

Fourni^ll,  though  he  deprecates  the  idea  that  the  epiglottis  has  an 
important  part  in  phonation,  states  that  according  to  his  observation, 
the  epiglottis,  in  singing  with  the  chest  voice,  especially  the  brilliant 
tone,  changes  its  position  with  the  pitch,  curving  forward  in  ascending, 
and  backwards  in  descending  the  scale,  so  as  almost  to  close  the  opening 
of  the  glottis  on  the  lowest  tones.  The  explanation  given  by  Four ni^ 
is  that  the  epiglottis  favours  thus  the  production  of  the  low  note  by 
abating  the  sonorous  vibrations. 

Some  authors  lay  stress  on  the  fact  that  in  many  cases  a  defective 
voice  has  followed  ossification  or  other  lesion  in  the  epiglottis.     This 

♦  PtScU  EUmentaire  de  Phynologie,  1836,  p.  808. 
t  Handbuch  der  Physiologie,  1840,  ii.  p.  204. 

X  Anatomie  tmd  Physiologie  desmenschlichenStimm-undSprach-Organs,  Leipzig,  1863, 
p.  648. 

§  Ibid.  p.  649. 

Ii  Physiologie  de  la  Voix  et  deda  Parole.    Paris,  1866,  p.  418. 
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argument  should  not  be  allowed  too  great  weight,  on  account  of  the 
diflSculty  of  ascertaining  that  the  whole  trouble  in  such  cases  lies  in 
the  epiglottis.  The  same  caution  should  be  used  here  as  in  the  matter 
of  deglutition  against  assuming  that  certain  symptoms  following  injury 
to  an  organ  are  necessarily  the  result  of  that  injury. 

Through  the  kind  and  invaluable  assistance  of  Prof  H.  Wheeler, 
of  the  New  England  Conservatory  of  Music,  the  writer  has  been 
enabled  to  make  many  careful  laryngoscopic  observations  of  the  throat 
in  vocalization. 

We  will  consider  some  of  the  changes  observed  in  the  epiglottis 
on  variations  of  (A)  Pitch,  (B)  Quality,  and  (C)  Intensity. 


A.     Changes  in  Pitch. 

The  movements  which  the  epiglottis  undergoes  in  singing  the  scale 
with  the  open  chest  tone,  using  the  sound  of  a  as  in  far,  are  something 
as  follows. 

At  E  ^)  a  considerable  part  of  the  vocal  cords  is  in  sight ; 

above  this  point,  for  each  rise  in  the  scale,  the  epiglottis  projects  more 
and  more  over  the  cords,  until  at  A  it  reaches  quite  to  the  arytenoid 
cartilages.  On  returning  the  retrograde  movement  is  gone  through,- 
and  at  E  again  a  considerable  part  of  the  cords  is  in  sight. 

Descending  the  scale  from  this  point  the  epiglottis  again  pushes 

back  over  the  cords,  and  at  0  f&  reaches  again  to  the  arytenoid 

cartilages.  The  free  edge  of  the  epiglottis  in  these  changes  is  always 
turned  up. 

These  changes  may  possibly  be  explained  on  the  ground  that  the 
epiglottis  affects  in  this  way  the  tension  of  the  vocal  cords ;  the  more 
probable  explanation  however  is  as  follows. 

The  epiglottis  acts  in  these  changes  a  double  part,  that  of  a  reso- 
nating plate,  and  that  of  a  "tuner." 

The  epiglottis  as  a  resonating  plate.  It  is  well  known  that 
musical  sounds  are  incomplete  unless  the  original  vibrations  are  taken 
up  and  repeated  by  a  solid  body.  A  practical  application  of  this  fact  is 
seen  in  all  musical  instruments,  as  the  violia  or  tnimpet. 
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In  organ  pipes,  the  note  first  produced  would  be  comparatively 
valueless,  unless  reinforced  by  the  vibration  of  the  pipe. 

In  the  same  way  the  complicated  pipe  surmounting  the  vocal  cords 
reinforces  their  vibrations,  and  of  this  pipe,  the  free  turned-up  edge  of 
the  epiglottis  forms  a  very  important  part,  first  receiving  and  reinforcing 
the  vibrations,  as  well  as  infiuencing  their  direction,  as  described  by 
MerkeL  It  is  probable  then  that  its  movements  are  in  part  made  to 
enable  it  to  perform  these  duties,  its  position  of  course  changing  neces- 
sarily, with  the  changing  note  of  the  cords. 

The  fact  that  the  epiglottis  acts  as  a  resonator  seems  confirmed  by 
the  observation  frequently  made,  that  the  sharper  the  tone,  the  more 
tense  the  epiglottis  becomes. 

The  epiglottis  as  a  "tuner."  While  the  free  edge  of  the  epi- 
glottis is  acting  as  a  resonating  body,  the  organ  itself  acts  to  modify  the 
pitch  of  the  note,  by  pressing  back  over  the  glottis  or  the  opposite,  the 
former  lowering  the  pitch,  the  latter  raising  it. 

"iPhis  action  Fourni^*  has  described  thus — "Son  influence  consiste 
^videmment  h,  ralentir  les  vibrations  sonores  renferm^es  dans  le  vesti- 
bule de  la  glotte,  et  h,  favoriser  ainsi  la  formation  des  premieres  notes 
d'^chelle  vocale." 

The  fact  that  the  epiglottis  pushes  back  in  the  very  high  as  well  as  in 
the  low  notes,  and  in  ascending  the  scale  as  well  as  in  descending,  shows 
that  its  movements  are  not  simply  passive.  It  has  been  suggested  that 
the  downward  movement  of  the  epiglottis  was  simply  a  result  of  the 
rising  of  the  larynx  towards  the  tongue.  But  while  the  larynx  is 
steadily  rising  from  the  low  note  to  the  high,  the  epiglottis  is  moving 
first  towards  the  tongue  as  has  been  seen,  then  back  over  the  glottis  on 
the  high  notes. 

This  pushing  back  of  the  epiglottis  on  the  high  notes  is  not  so  easily 
explained  as  that  on  the  low,  but  it  is  not  an  improbable  supposition 
that  this  movement  is  to  compensate  for  a  constantly  increasing  ten- 
dency as  a  higher  note  is  sung,  to  increase  the  blast,  and  thus  produce 
a  higher  note  than  is  desired.  This  tendency  must  be  compensated  for 
in  some  way,  which  is  more  easily  done  by  the  pushing  back  of  the 
epiglottis  than  e.g.  by  the  relaxation  of  the  vocal  cords. 

Magendie,  it  will  be  remembered,  alludes  to  the  compensatory 
action  of  the  epiglottis  in  general,  allowing  the  note  to  be  swelled 
without  raising  the  pitch. 

*  Physiologie  de  la  Voix  et  de  la  Parole,    Paris,  1866,  p.  418, 
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A  somewhat  analogous  arrangement  is  sometimes  used  by  organ- 
tuners,  in  the  shape  of  a  metallic  valve  placed  on  the  end  of  the  pipe 
and  called  a  "tuner;"  the  reed  is  arranged  to  produce  approximately 
the  desired  note,  the  exact  pitch  being  afterwards  produced  by  raising 
or  lowering  the  metallic  valve.  If  the  organ-tuner  wishes  to  swell  the 
note  without  altering  the  pitch,  he  can  do  so  by  pressing  down  the  valve. 

By  this  valve  the  quality  of  the  note  may  be  altered,  a  flute-tone 
being  produced  by  pressing  down  the  valve ;  in  fact,  the  peculiarity  in 
the  "vox  humana"  pipe,  the  writer  is  informed,  which  gives  it  its 
quality  of  tone,  is  the  presence  of  such  a  valve  well  pressed  down  at  the 
end  of  the  pipe.  This  of  course  flats  the  note  as  alluded  to  above, 
which  may  be  compensated  for  by  changing  the  reed,  or  by  increasing 
the  blast. 

At  the  suggestion,  and  with  the  assistance  of  Dr  Bowditch,  a 
human  larynx  was  connected  by  a  tube  with  an  air-blast  so  as  to  pro^ 
duce  an  artificial  voice. 

The  larynx  was  held  in  position  by  wooden  clamps.  Threads  were 
passed  through  the  anterior  angles  of  the  arytenoid  cartilages,  and 
drawn  together  backwards.  In  this  way  the  cords  were  put  upon  the 
stretch,  and  by  increasing  and  relaxing  the  tension  on  the  strings  a 
scale  could  be  sounded  perfectly.  By  moistening  occasionally  with  a  '5 
per  cent,  solution  of  salt,  the  parts  continued  to  act  satisfactorily  for 
several  days. 

It  was  found  that  every  change  made  in  the  position  of  the  epi- 
glottis produced  a  change  in  the  pitch  of  the  note.  In  general  the 
pressing  down  of  the  epiglottis  produced  a  lowering  of  the  pitch.  It 
was,  however,  impossible  to  say  that  the  changes  were  produced  by  the 
same  mechanism  as  in  the  living  larynx,  for  it  was  difficult  to  decide 
when  the  change  in  pitch  was  due  to  the  movement  of  the  epiglottis 
itself,  and  when  to  an  indirect  tension  or  relaxation  of  other  parts,  as 
the  vocal  cords. 

One  change  in  quality  was  very  well  marked.  When  the  epiglottis 
was  stretched  tense,  the  tone  became  very  brilliant,  when  however  it 
was  pushed  back  by  the  tongue,  the  tone  became  very  sombre.  This 
brings  us  to 

B.     Changes  in  Quality. 

Prof.  Wheeler  was  requested  to  sing  a  sombre  tone  while  under 
laryngoscopic  observation.  This  tone  is  well  produced  with  the  sound  of 
a  as  in  paw.   The  epiglottis  closely  followed  by  the  tou^e  fell  back  over 
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the  cords,  producing  the  same  quality  of  tone  which  resulted  from  the 
similar  interruption  of  the  air  column  by  the  epiglottis  in  the  dead 
larynx.  The  epiglottis  and  tongue,  here,  acting,  not  as  resonators,  but 
as  obstructors,  subdue  the  tone  instead  of  reinforcing  it.  With  the 
brilliant  tone,  using  the  sound  of  a  as  in  far,  the  epiglottis  covers  the 
cords  to  a  greater  or  less  extent,  according  to  the  pitch,  its  free  edge 
always  turned  up,  presumably  acting  as  a  resonator  as  previously 
described. 

On  changing  to  the  veiled  *  tone  the  following  phenomenon  is  ob- 
served. 

The  base  of  the  tongue  is  drawn  well  forwards,  and  the  epiglottis 
drawn  tightly  towards  it,  away  from  the  glottis,  the  glosso-epiglottic 
ligament  appearing  as  a  tense  white  cord,  the  vocal  cords  well  in  view. 

The  explanation  ofiFered  is  that  in  the  veiled  tone  the  epiglottis, 
ceasing  to  act  as  a  resonator,  is  drawn  forward  away  from  the  glottis  to 
allow  the  voice  full  sweep  to  take  its  quality  from  the  palate.  This 
theory  is  favoured  by  the  nasal  quality  of  this  tone. 

This  position  of  the  epiglottis,  with  its  upper  portion  drawn  towards 
the  tongue,  remains  constant  ds  long  as  the  tone  is  kept  veiled.  It  is 
an  interesting  fact  however,  that  in  changes  of  pitch,  its  lower  portion 
pushes  over  the  cords,  so  that  on  a  very  low  note,  only  a  small  fraction 
of  the  vocal  cords  are  seen,  between  the  cushion  at  the  base  of  the 
epiglottis,  and  the  arytenoid  cartilages;  the  upper  part  of  the  epiglottis 
being  still  flattened  forwards  away  from  the  glottis,  to  preserve  the 
quality  of  the  tone. 

Garcia  mentions  the  difiference  in  position  of  the  epiglottis  in  the 
brilliant  and  in  the  veiled  tones,  though  without  attaching  any  weight 
to  the  phenomenon  except  in  connection  with  ability  to  view  the  vocal 
cords. 

He  saysf: — "After  some  essays  we  perceive  that  this  internal  dis- 
position of  the  larynx  is  only  visible  when  the  epiglottis  remains  raised. 
But  neither  all  the  registers  of  the  voice,  nor  all  the  degrees  of  intensity, 
are  equally  fitted  for  its  taking  this  position.  We  soon  discover  that 
the  brilliant  and  powerful  sounds  of  the  chest  register  contract  the 
cavity  of  the  larynx,  and  close  still  more  its  orifice ;  and  on  the  contrary 
that  the  veiled  notes,  and  notes  of  moderate  power  open  both,  so  as  to 
render  observation  easy." 

*  This  expression  will  be  familiar  to  anyone  accnstomed  to  mnsical  terms.    The  tone 
is  one  well  produced  by  using  the  sound  of  a  as  in  fate. 
+  Quoted  from  The  Voice  in  Singing,  by  E.  Seiler. 


FUNCTION  OF  EPIGLOTTIS.  319 

The  epiglottis  takes  a  different  position  for  each  of  the  vowel-sounds, 
in  sounding  which  it  is  visible  with  the  laryngoscope. 

The  sounds  of  the  vowel  a  are  best  fitted  for  study.  These  have 
been  incidentally  mentioned  under  the  head  of  veiled,  brilliant^  and 
sombre  tones.  The  position  of  the  parts  in  giving  the  sound  of  a  as  in 
faLte,  corresponds  to  that  described  under  veiled  tones,  the  epiglottis 
flattened  towards  the  tongue  so  that  its  whole  posterior  surface  is  in 
view. 

The  sound  a  as  in  far^  corresponds  to  the  brilliant  tone,  the  free 
edge  only  of  the  epiglottis  being  turned  up.  With  a  as  in  paw,  as  was 
seen  under  sombre  tones,  the  epiglottis,  followed  by  the  tongue,  pushes 
back  over  the  glottis,  so  as  to  deaden  the  sound  by  obstructing  it, 
instead  of  reinforcing  as  it  does  in  the  brilliant  tone. 

In  watching  these  positions,  care  should  be  taken  to  keep  the  same 
pitch  and  intensity,  as  any  change  in  these  causes  a  movement  back- 
wards or  forwards  of  the  epiglottis. 


C.     Changes  in  Intensity. 

Under  this  head  it  need  only  be  said  that  whatever  the  quality  and 
pitch  of  the  tone,  an  increased  intensity,  the  pitch  remaining  the  same, 
is  accompanied  by  a  drawing  over  of  the  epiglottis  or  its  cushion,  and  at 
the  same  time  by  a  drawing  in  of  the  false  vocal  cords.  This  is  explained 
by  the  fact  that  the  increased  blast  produces  an  increased  tension  of  the 
vocal  cords,  hence  an  elevation  of  pitch  (an  accepted  fact  in  physics). 
This  elevation  is  compensated  for  by  the  drawing  in  of  the  epiglottis 
and  false  vocal  cords,  just  as  the  note  of  the  reed  in  an  organ-pipe  may 
be  swelled  without  altering  the  pitch,  by  pressing  down  the  valve  at  the 
top  of  the  pipe. 

It  will  be  remembered  that  Garcia  notices  the  effect  of  swelling  the 
tone,  for  he  says  that  the  powerful  sounds  contract  the  cavity  of  the 
larynx  and  close  still  more  its  orifice. 

The  modifications  of  the  note  of  a  reed  may  be  illustrated  in  a 
simple  manner  by  means  of  a  common  toy  trumpet.  These  trumpets  are 
arranged  with  a  reed  surmounted  by  a  pipe,  and  so  may  be  taken  to 
represent  an  organ-pipe. 

By  lowering  the  hand  like  a  valve  over  the  end  while  blowing,  the 
tone  may  be  changed  from  open  and  brilliant  to  sombre.  The  pitch 
will  be  lowered  at  the  same  time,  which  may  be  compensated  for  by 
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increasing  the  blast.    Again,  the  pitch  may  be  raised  by  increasing  the 
blast,  and  this  compensated  for  by  lowering  the  hand. 

In  conclusion,  the  anatomy  of  the  air-passages  of  birds  affords  an 
interesting  fact  which  points  to  the  tnie  function  of  the  epiglottis. 

Birds  have,  as  is  known,  no  epiglottis^  and  its  absence  can  not  affect 
their  deglutition.  But  the  question  naturally  arises,  If  the  epiglottis  is 
such  an  essential  organ  in  the  modification  of  the  voice,  how  do  singing 
birds  modify  their  voices  so  well  without  it  ? 

A  study  of  comparative  anatomy  shows  that  the  vocal  apparatus  of 
the  bird  is  not  found  in  the  upper  larynx,  but  in  a  lower  glottis  situated 
at  the  bifurcation  of  the  bronchi.  This  lower  glottis  is  provided  with  a 
membrane  which  occupies  the  position  of  an  epiglottis  relatively  to 
this  lower  glottis.  Owen  calls  this  the  "membrana  semilunaris,"  and 
describes  it  as  ascending  into  the  trachea  and  terminating  there  by  a 
free  margin.  "This,"  he  says,  "is  most  developed  in  singing  birds  and 
being  vibratile  forms  an  important  part  of  their  trilling  vocal  apparatus." 

These  facts  point  decidedly  to  the  uselessness  of  the  epiglottis  in 
deglutition,  and  the  necessity  for  son^e  such  organ  to  the  perfect  modi- 
fication of  the  voice. 


THE  DEVELOPMENT  AND  REGENERATION  OF  THE 
GASTRIC  GLANDULAR  EPITHELIUM  DURING 
FOETAL  LIFE  AND  AFTER  BIRTH.  By  HENRY 
SEW  ALL,  B.Sc,  Fellow  of  the  Johns  Uophins  University ^  Baltimore^ 
U.  S.  A.     (PI.  XII.) 

A  PROLONGED  iavestigatioQ  made  oa  the  stomachs  of  adult  animals 
having  failed  in  its  object  of  giving  me  some  insight  as  to  the  functions 
of  the  different  cells  in  the  glands  of  the  stomach,  I  determined  to 
take  up  the  question  in  another  way  ;  and  by  carefully  examining  the 
stomachs  of  embryos  to  seek  if  there  was  any  correlation  between  the 
differentiation  of  certain  cells  in  the  embryo  stomach  and  the  first 
appearance  of  functional  activity.  This  method,  the  results  of  which 
are  here  detailed,  has  not  done  all  I  had  expected  from  it,  but  has, 
nevertheless,  I  venture  to  hope,  not  been  entirely  fruitless. 

The  animal  mainly  used  in  the  embryological  part  of  the  work  was 
the  sheep,  lamb  embryos  being  those  most  easily  obtainable  in  sufficient 
number.  From  ewes  slaughtered  at  the  butcher's  I  easily  got  large 
numbers  of  embryos  in  various  stages  of  development,  and  ranging  in 
length  from  less  than  an  inch  up  to  the  length  (19-20  inches)  of  the 
mature  foetus.  Between  these  limits  individuals  corresponding  to  in- 
tervals of  less  than  an  inch  in  length  were  obtained.  The  length  was 
measured  from  the  anterior  end  of  the  forehead  to  the  posterior  part  of 
the  trunk ;  not  having  been  able  to  accurately  find  out  the  age  of  the 
embryos,  I  can  only  roughly  indicate  it  in  the  following  pages  by  giving 
the  measurements  as  taken  in  this  way. 

In  the  fourth  or  glandular  stomach  of  the  adult  sheep,  the  mucous 
membrane  projects  in  numerous  flaps,  which  though  not  so  marked  as 
those  of  the  psalterium,  yet  resemble  them  in  being  permanent,  and  so 
differ  from  the  temporary  'rugae'  of  the  human  and  many  other 
stomachs,  to  which  in  other  respects  they  appear  to  correspond.  Histo- 
logically the  majority  of  the  glands  in  this  mucous  membrane  agree 
with  those  of  other  mammals  in  possessing  'central'  cells  (Haupt- 
zellen)  and  'ovoid'  cells  (Belegzellen),  but  the  latter  seem  aggre- 
gated in  greater  numbers  in  the  deep  parts  of  the  gland  than  in  most 
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stomachs  which  I  have  examined.  In  addition  to  the  above  there  is 
the  usual  pyloric  zone,  containing  glands  with  a  wider  lumen,  and  lined 
with  cells  of  one  kind  only. 

The  embryos  were  obtained  not  later  than  four  hours  after  the 
death  of  the  mother,  and  the  fourth  stomach  carefully  dissected 
out,  except  in  the  case  of  very  small  embryos.  In  the  stomach  there 
was  always  a  quantity  of  fluid  containing  much  mucus,  which  seemed 
to  become  more  abundant  as  development  went  on,  so  that  in  the 
oldest  embryos  the  liquid  containing  it  was  extremely  thick  and  glairy. 
When  wanted  for  microscopic  examination  the  stomach  was  placed  for 
24  hours  in  01  per  cent,  solution  of  chromic  acid  :  from  this  it  was  put 
into  03  per  cent,  solution  for  24  hours;  then  transferred  to  70  per 
cent,  alcohol  for  24  hours,  and  finally  put  in  95  per  cent,  alcohol. 
The  smaller  embryos  were  hardened  whole,  the  peritoneal  cavity  being 
previously  opened.  After  this  hardening,  sections  were  made  from  the 
pyloric  and  other  regions  of  the  stomach,  and  stained  in  a  manner 
essentially  agreeing  with  that  described  by  Heidenhain\  They  were 
placed  for  about  20  hours  in  an  extremely  dilute  watery  solution  of 
aniline  blue ;  then  placed  in  dilute  glycerine  for  about  a  week  in  an 
open  watch-glass,  so  as  to  allow  the  absorption  of  acetic  acid  vapours 
given  off  from  a  neighbouring  watch-glass  placed  under  the  same  bell- 
jar.  The  best  results  were  obtained  when  the  aniline  solution  was 
of  such  strength  that  its  colouring  matter  was  completely  taken  up 
by  the  sections. 

Afl  to  the  general  course  of  the  earlier  stages  of  the  development  of 
the  gastric  glands,  I  can  in  the  main  confirm  the  statements  of 
Brand^  so  far  as  I  can  gather  them  from  the  abstract  published  in 
the  Centralblatt :  as  also  in  a  general  way  those  previously  made  by 
Laskowsky*,  who  is  however  very  meagre  in  detaila 

Primarily  the  epithelial  lining  of  the  embryonic  alimentary  canal 
is  here,  as  elsewhere,  a  single  layer  of  large  columnar  cells,  seated  upon 
and  sharply  marked  off  from  a  branched  layer  of  the  mesoblastic  cells 
around  them.  The  nuclei  of  the  lining  hypoblast  cells  are  very  large, 
granular,  staining  deeply,  and  round  or  ovaL  This  condition  does  not 
however  last  long. 

Sections  taken  from  different  parts  of  the  alimentary  canal  of  a 
lamb  embryo,  five-sixths  of  an  inch  in  length,  shew  local  differences  in 
the  lining  epithelium.  In  the  intestine  it  still  consists  of  a  single 
layer  of  large  cells  (PI.  XII.  Fig.  1),  while  in  the  stomach  and  oeso- 
phagus the  cells  are  so  closely  crowded  that  many  are  pushed  away 
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to  a  greater  or  less  extent  from  the  basement  membrane,  thus  giving 
the  epithelium  the  appearance  of  being  composed  of  several  layers. 

I  must  therefore  take  exception  to  Brand's  statement,  that  the 
epithelium  consists  originally  of  several  layers  of  cells :  this  is  an 
appearance  which  only  comes  some  time  after  the  closure  of  the 
digestive  tube,  and  sooner  in  the  stomach  and  oesophagus  than  in  the 
intestine.  Laskowsky  describes  but  a  single  original  layer  of  cells.  The 
change  is  probably  due  to  cell-multiplication  in  the  hypoblast,  and  is 
accompanied  with  alterations  in  the  individual  cells.  Where  the 
epithelium  is  still  arranged  in  a  single  layer  the  nucleus  is  situate 
in  the  centre  of  the  cell,  and  the  latter  stains  uniformly  throughout 
(Fig.  1).  Where,  on  the  other  hand,  the  cells  lie  in  more  than  one 
layer,  where  in  fact  active  cell-multiplication  is  taking  place,  the  nucleus 
lies  nearer  that  end  of  each  cell  which  is  turned  away  from  the  meso- 
blast,  and  this  end  of  the  cell  or  the  nucleus  itself  is  all  that  picks  up 
the  aniline  blue  (Fig.  2, a;   also  Figs.  3  and  4). 

This  cell-multiplication  takes  place  at  first  uniformly  over  the  in- 
terior of  the  fourth  stomach,  but  soon  unequal  growth  begins  and  the 
epithelium  projects  along  various  lines  into  the  cavity  of  the  stomach, 
thus  forming  ridges.  Sections  of  these  shew  a  single  layer  of  hypo- 
blast cells,  borne  upon  processes  of  the  mesoblast  cells  beneath :  as 
they  grow,  the  epithelial  cells  and  the  supporting  branched  mesoblast 
cells  multiply  pari  passu.  The  first  protrusions  of  the  mucous  mem- 
brane are  few  in  number,  and  as  seen  in  cross  section,  contain  a  rela- 
tively broad  core  of  mesoblast;  they  become  the  large  permanent 
flaps  of  the  mucous  membrane  of  the  adult  stomach,  and  probably 
the  rugae  of  other  stomachs.  They  are  seen  in  the  section  depicted 
in  Fig.  3. 

The  primary  process  in  the  development  of  the  glands  is  essen- 
tially a  repetition  of  that  occurring  in  the  development  of  the  above- 
mentioned  flaps.  Synchronous  multiplication  of  hypoblast  cells  and  of 
supporting  mesoblastic  corpuscles  along  definite  intersecting  lines  is  the 
first  evidence  of  glandular  formation  (Fig.  3,  a).  Projections,  which 
may  be  called  'gland  processes*  are  thus  formed;  as  seen  in  section 
they  present  a  slender  central  mesoblastic  core,  from  which  branches 
penetrate  between  the  epithelial  cells  covering  it;  Fig.  4  represents 
one  of  these  processes  more  magnified.  As  Brand  states,  these  out- 
growths commence  earliest  and  develope  fastest  in  the  pyloric  region  of 
the  stomach,  but  he  says  that  the  first  outgrowths  are  in  the  form 
of  villi  or  papillae,  which  are  afterwards  united  by  outgrowths  from  their 
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sides  and  by  upgrowths  from  the  membrane  between  their  bases,  so  as 
to  close  in  the  gland  pits.  In  this  latter  point  I  cannot  agree  with  him : 
my  sections  shew  distinctly  that  from  the  first  the  outgrowths  are  not 
papilliform,  but  take  place  along  continuous  lines  of  greater  or  less 
extent,  giving  rise  to  ridges,  which  intersect  in  all  directions,  and 
which  are  cut  sometimes  vertically,  sometimes  longitudinally,  and  some- 
times obliquely  in  the  sections.  Immediately  beneath  the  epithelium 
is  a  well-marked  layer  of  mesoblast  cells,  flattened  parallel  to  the  surface 
and  forming  a  very  distinct  basement  membrane  (Fig.  4,  a). 

Keeping  pace  with  the  superficial  growth  of  the  stomach-wall,  new 
protrusions  of  the  mucous  membrane  appear  budding  out  either  from 
the  sides  of  those  already  formed  or  from  the  hollows  between  them 
(Fig.  5).  This  multiplication  of  outgrowths  goes  on,  making  the 
spaces  between  the  intersecting  ridges  smaller  and  smaller,  until  they 
are  finally  reduced  to  minute  canals,  which  become  the  lumens  of  the 
glands.  It  may  be  readily  understood  from  Fig.  5,  a,  how  several 
glands  may  come  to  open  into  a  single  vestibule  by  the  formation  of 
new  outgrowths  between  two  which  have  already  attained  a  consider- 
able size,  the  new  outgrowths  not  growing  out  as  far  as  the  original 
ones,  and  so  leaving  a  small  pit  which  becomes  the  common  ves- 
tibule. 

In  a  sheep's  embryo  about  16  inches  long  the  glandular  formation 
seems  to  be  completed.  Blood-vessels  appear  early  in  the  mesoblastic 
cores  of  the  gland  processes,  as  extensions  from  vascular  areas  lower 
down  (Fig.  5,  g).  I  have  first  found  vessels  containing  red  corpuscles 
in  the  gland  processes  of  an  embryo  6^  inches  in  length. 

I  have  also  had  the  opportunity  of  examining  the  stomachs  of  foetal 
pigs,  kittens  and  puppies,  though  not  in  as  large  numbers  as  those  of 
the  lamb.  In  all,  the  appearances  indicated  a  mode  of  gland  forma- 
tion exactly  similar  to  that  described  above.  In  the  cat  and  pig  the 
first  extensions  of  the  mucous  membrane  become  the  rugse,  and  the 
gland  processes  proper  appear  later.  At  birth,  however,  the  glands 
in  these  animals  are  very  immature,  being  much  shorter  and  rela- 
tively thicker  than  those  of  an  adult,  while  in  the  lamb  they  attain 
their  full  development  some  time  before  birth. 

The  recognition  of  the  first  diflFerentiation  of  the  primitive  hypo- 
blast cells  into  the  proper  secreting  gland  cells  is  not  always  easy,  since 
individual  cells  are  apt  to  present  considerable  variatiori  from  the 
type-form  as  to  shape,  staining,  granulation,  &c.  In  early  stages 
the  cells  on  the  gland  processes  and  between  them,  which  we  may 
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call  the  "embryonic  gland  cells,"  are  tolerably  uniform  in  character,  and 
are  distinct  from  either  'ovoid'  or  'central'  cells,  and  from  the  adult 
pyloric  gland  cells.  Laskowsky*  simply  says  that  in  the  process 
of  development  the  cells  at  the  bottom  of  the  gland-pits  become  dif- 
ferentiated into  the  true  secreting  elemeuts.  I  have  not  been  able 
to  discover  the  statement,  attributed  to  him  by  Nussbaum*,  that 
there  are  no  '  ovoid'  cells  in  the  embryonic  stomach.  At  any  rate  in 
the  sheep  embryo  they  appear  comparatively  early,  and  increase  in 
number  up  to  the  time  of  birth,  when  they  are  relatively  quite  as 
numerous  as  in  the  adult  stomach.  In  an  embryo  about  5^  inches 
long  one  finds  one  or  more  cells  at  the  bottom  of  a  gland  to  have 
taken  on  new  characters ;  they  are  larger,  more  oval,  stain  better,  and 
are  more  granular  than  the  '  embryonic'  gland  cells ;  and  are  to  be 
regarded  as  the  first  formed  'ovoid'  cells,  although  they  differ  some^ 
what  from  the  fully  formed  'ovoid*  cell  of  the  adult.  These  cells  are 
sometimes  enclosed  in  a  close  network  of  processes  from  mesodermic 
cells,  in  other  cases  not.  Fig.  5,  6,  shews  '  ovoid '  cells,  (a  little  too 
sharply  defined,)  from  an  embryo  eight  inches  long.  The  shape  of 
these  cells  is  subject  to  much  more  variation  than  that  of  the  corres- 
ponding cell  in  the  adult,  and  in  various  specimens  gradations  in 
every  character  may  be  found  between  them  and  the  undifferentiated 
embryonic  gland  cells,  such  as  is  represented  at  c  in  the  same  figure. 
The  '  ovoid '  cells  first  appear  in  the  deep  parts  of  the  glands ;  and  in 
older  embryos  they  may  be  traced  on,  assuming  more  and  more  their 
completely  developed  characters,  and  becoming  more  numerous  and 
extending  farther  up  the  gland.  The  numerous  transitional  forms 
between  the  'ovoid*  and  'embryonic'  gland  cells  seem  to  indicate 
that  the  former  arise,  at  least  in  part,  from  a  differentiation  of  the 
latter.  I  will  afterwards  mention  reasons  which  lead  me  to  think  that 
they  may  have  also  another  origin.  When  once  formed,  I  have  seen 
appearances  which  lead  me  to  believe  that  the  '  ovoid'  cells  also  multi* 
ply  by  fission. 

A  wholly  unexpected  phenomenon  was  the  appearance  of  ovoid  cells 
in  the  pyloric  region  of  the  embryo  stomach.  At  first  this  was  thought 
to  be  simply  due  to  a  mistake  in  the  locality  of  the  stomach  from  which 
the  piece  was  taken  for  the  preparation  of  the  sections ;  but  great  care 
was  afterwards  exercised  upon  this  point,  and  undoubted  ovoid  cells  were 
obtained  from  the  pyloric  region  of  stomachs  of  sheep  embryos  of  all 
lengths  from  4 J  to  \\\  inches.  Fig.  6  shews  ovoid  cells  (6)  from  the 
pyloric  region  of  the  stomach  of  an  embryo  8  inches  in  length.     They 
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appear  earlier  in  the  pyloric  region  than  elsewhere,  in  accordance  with 
the  general. developmental  precocity  of  that  part.  In  embryos  12  inches 
and  upwards  in  length  the  ovoid  cells  have  disappeared  from  the  pyloric 
glandSy  which  are  then  lined  by  their  characteristic  epithelium ;  what 
becomes  of  the  ovoid  cells,  unless  they  divide  up  into  the  pyloric  gland 
cells,  I  do  not  know. 

The  central  cells  (Hauptzellen)  are  first  differentiated  so  as  to  be 
definitely  recognisable  as  such  in  sheep  embryos  about  5^  inches  long, 
but  they  first  appear  abundantly  in  specimens  from  7  to  8  inches  in 
length.  They  still  differ  from  the  adult  central  cells  in  their  greater 
size  and  larger  nuclei ;  from  the  '  embryonic '  gland  cells  they  differ  in 
iheir  much  less  columnar  form  and  in  the  absence  of  the  darkly  staining 
material  always  aggregated  around  the  nucleus  of  the  former.  They 
are  formed,  I  believe,  by  a  differentiation  of  the  embryonic  cells,  accom- 
panied by  division.  At  d  in  Fig.  5,  a  series  of  developing  central  cells 
is  depicted.  In  the  embryonic  sheep  comparatively  thick  connective 
tissue  processes  extend  between  the  gland  cells,  giving  rise  to  a 
somewhat  denser  framework  than  that  which  has  been  described  by 
Watney*  in  adult  stomachs. 

In  the  fcBtal  cat  and  pig  differentiation  is  much  more  tardy.  In  a 
cat  embryo  3^  inches  in  length  no  central  cells  could  be  recognised  :  in 
one  5^  inches  long  the  glands  contained  for  the  most  part  ovoid  and 
embryonic  cells  alone,  few  that  could  be  called  with  certainty  central 
cells  having  as  yet  appeared.  In  the  cardiac  part  of  the  stomach  of  a 
pig  7  inches  long  ovoid  cells  abounded,  but  no  well  marked  central  cells 
could  be  recognised :  there  were  no  ovoid  cells  in  the  pyloric  glands, 
which  were  fully  developed. 

In  connection  with  the  histological  work  experiments  were  carried 
on  to  ascertain  the  proteolytic  power  of  the  embryonic  stomach.  For 
this  purpose  the  stomachs  of  sheep  and  other  embryos  were  removed 
within  a  short  time  of  death,  washed  with  0*75  per  cent.  Na  CI  solution, 
and  placed  in  from  50  to  100  cc.  of  0*2  per  cent.  HCl  for  15  or  20  hours. 
The  extract  was  then  filtered,  and  an  equal  bulk  of  0*2  per  cent.  HCl 
added  to  the  filtrate.  Cubes  of  coagulated  egg  albumin  were  then 
added,  and  the  whole  placed  in  a  warm  chamber  kept  at  38^  C.  The 
results  are  given  in  a  condensed  form  in  the  accompanying  Table  I.,  see 
p.  327.  It  will  be  seen  that  the  stomach  of  the  kitten  nearly  at  term, 
shews  no  digestive  action  upon  proteids;  the  same  is  true  of  the 
stomachs  of  pig  embryos  from  5 — 7  inches  in  length.     On  the  other 


DEVELOPMENT  OF  GASTRIC  EPITUELIUM. 


327 


.9 


-4:^ 


jr     »o     »o 


w** 


00 


t 


OQ 


-  -  -  -   J^  J 


o 
55 


Ol 


eo 


lA  CD  t*  00        o  o  »-• 


23—2 


328  //.  SEWALL, 

hand,  the  extracts  of  stomachs  taken  from  sheep  embryos  even  some 
time  before  term,  and  when  only  6 — 7  inches  in  length,  shew  a  con- 
siderable proteolytic  power ;  as  also  the  ability  to  curdle  milk  in  a  neu- 
tral solution :  this  last  reaction  however  was  traced  back  but  a  short 
way.  The  statements  of  Hammersten',  as  to  the  want  of  digestive 
ability  in  the  stomachs  of  foetal  and  newly-born  animals,  cannot  therefore 
be  made  universal.  The  different  results  are  satisfactorily  explained 
when  we  consider  the  marked  precocity  in  the  differentiation  of  the 
cells  in  the  stomachs  of  sheep  embryos  as  compared  with  those  of  the 
cat,  pig,  and  dog. 

The  fluid  which  has  already  been  mentioned  as  present  in  the  fourth 
stomach  of  sheep  embryos  shewed  a  very  perceptible  digestive  power 
when  acidulated.  This  fluid  is  clear,  gives  an  abundant  precipitate  of 
mucus  with  acetic  acid,  but  no  peptone  reaction.  It  is  uniformly  neu- 
tral to  test-paper,  and  thus  gives  evidence  of  the  secretion  of  a  pepsin- 
containing  fluid,  without  that  simultaneous  secretion  of  free  acid  which 
characterises  normal  gastric  juice.  It  points  thus  to  a  conclusion, 
which  many  other  vital  phenomena  of  the  stomach  support,  that  the 
formation  of  pepsin  and  of  free  acid  in  the  stomach  are  the  results  of 
different  chains  of  events,  and  have  no  necessary  connection. 

To  fix  with  certainty  the  functions  of  the  various  cells,  ovoid,  central 
and  pyloric,  in  the  stomach  glands  demands  varied  and  extensive 
research.  The  results  obtained  by  my  work,  so  far  as  they  go,  all  point 
however  to  one  conclusion.  In  the  stomach  of  the  embryo  sheep  ovoid 
cells  appear  very  early,  but  no  digestive  power  could  be  found  to  exist 
until  a  considerably  later  period,  when  central  cells  were  also  well  dif- 
ferentiated. The  glands  of  the  foetal  pig  7  inches  long,  and  of  the  foetal 
cat  6^  inches  long,  contained  many  ovoid  cells,  but  few  or  none  which 
could  be  called  with  certainty  central  cells.  In  both  the  pyloric  glands 
were  well  formed,  and  their  cells  specialised. 

There  can,  then,  I  think,  be  little  doubt,  that  whatever  part  the 
ovoid  cells  may  play,  they  are  not  the  immediate  pepsin  formers ;  and 
similar  reasons  seem  to  exclude  also  the  cells  lining  the  pyloric  glands. 
The  central  cells  in  the  sheep  embryo  are  recognisable  some  short  time 
before  I  could  detect  any  proteolytic  power  in  the  stomach  extract,  but 
on  their  first  appearance  they  are  very  few  in  number,  and  for  some 
time  increase  but  slowly.  In  embryos  about  7  inches  in  length  they 
increase  rapidly  in  number,  and  it  is  just  at  this  period  that  definite 
evidence  of  digestive  power  can  be  obtained.  I  believe  then  that  by 
the  combination  of  histological  and  physiological  observations,  as  de- 
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tailed  above,  we  get  very  strong  evidence  in  support  of  the  views  of 
those  who,  on  other  grounds,  have  maintained  that  the  central  cells  are 
the  immediate  pepsin  formers  (Haidenhain*,  Griitzner^,  Swi§cicki', 
Partsch*,  Ebstein"),  and  against  the  view  that  the  ovoid  cells  are 
the  essential  pepsin  producers  maintained  by  HerrendSrfer"  and 
Nussbaum".  On  the  other  hand,  the  evidence  brought  forward  by 
me  tends  to  shew  that  Herrendorfer"  and  Nussbaum"  are  correct 
in  denying  the  pepsin  forming  power  of  the  pyloric  glands,  which  has 
been  maintained  by  Griitzner"  and  Klemensiewicz^*. 

I  have  already  mentioned  that,  although  undoubted  transitional 
forms  exist  between  the  embryonic  gland  cells  and  the  primary  ovoid 
cells,  there  was  reason  to  think  that  the  latter  also  originated  in 
another  way,  viz.,  from  the  immigration  of  cells  from  the  mesoblast. 
In  the  branching  and  growing  cells  of  the  embryonic  mucous  membrane 
it  is  not  always  easy  to  fix  the  boundary  line  of  hypo-  and  mesoblast. 
Hitherto  only  cells  lying  distinctly  within  the  latter  layer  have  been 
spoken  of  as  ovoid  cells ;  but  even  these  are  often  surrounded  by  thick 
processes  from  the  mesoblast.  In  addition  to  these,  however,  one  often 
finds  in  the  mesoblastic  layer  below  the  glands,  cells  which,  were  their 
position  in  the  other  layer,  would  be  unhesitatingly  called  ovoid  cells. 
I  have  found  them  best  marked  in  the  embryo  cat^  In  such  about  5^ 
inches  long,  and  just  before  birth,  the  glands  are  imbedded  in  a  thick 
layer  of  connective  tissue,  which  contains  many  cells,  varying  from  those 
having  the  appearance  of  undoubted  connective-tissue  corpuscles  to 
those  having  the  features  of  ovoid  ceUs.  The  appearances  presented  by 
a  lamb  after  birth  led  me  to  investigate  the  origin  and  fate  of  the  ovoid 
cells  further.  The  animal  had  been  bom  eight  hours,  and  during  that 
time  had  received  no  nourishment.  Sections  from  its  stomach  shewed 
the  glands  to  be  remarkably  poor  in  ovoid  cells,  many  glands  containing 
only  central  cells,  but  these  of  normal  hungering  character.  In  seeking 
an  explanation  of  these  appearances,  so  different  from  those  of  the 
stomach  just  before  birth  with  its  abundant  ovoid  cells,  and  from  those 
seen  in  normally  fed  animals,  I  thought  it  possible  that  there  might 
here  be  a  stage  of  gland  life  made  apparent  by  slow  and  languid  vital 
processes  going  on  at  the  expense  of  a  continually  diminishing  amount 
of  store  material  and  energy  during  the  eight  hours  of  the  lamb's  life. 
I  therefore  made  an  attempt  to  imitate  the  conditions,  and  with  some 
striking  results.  Adult  animals  (cats  and  dogs)  were  taken,  and  suf- 
fered to  fast  for  some  days :  the  stomach  was  then  mechanically  excited 
by  pieces  of  india-rubber  tubing  introduced  through  the  gullet  and 


330  E.  SEW  ALL. 

left  in  it :  after  six  hours  the  animals  were  killed,  and  parts  of  their 
stomachs  were  hardened  for  examination,  and  the  sections  stained  with 
aniline  blue,  as  before  described. 

The  sections  from  non-pyloric  parts  of  the  stomachs  of  animals  so 
treated  shewed  glands  of  various  appearances,  which  may  however  be 
arranged  in  three  groups.  A  few  were  quite  free  from  ovoid  cells,  and 
were  larger  and  thicker  than  the  rest,  the  central  cells  filling  them 
being  great  and  clear  like  typical  himgering  cells.  They  resembled 
very  closely  the  cells  from  the  stomach  of  the  lamb  above  mentioned. 
More  numerous  were  glands  also  devoid  of  ovoid  cells,  but  thinner  than 
the  above;  their  cells  being  smaller,  more  shrunken,  and  staining 
more  deeply  than  ordinary  central  cells  (Fig.  7). 

The  greater  part  of  the  mucous  membrane,  however,  was  filled  with 
glands  which  were  slender  and  shrunken,  particularly  towards  the  neck, 
and  which  stained  deeply.  They  contained  a  variable  number  of  ovoid 
cells,  but  frequently  no  central  cells,  especially  towards  their  outer  ends. 
The  central  cells  when  present  were  quite  normal,  except  that  they 
seemed  shorter  than  usual,  as  if  their  free  ends  had  been  in  part  dis< 
solved  away,  increasing  the  diameter  of  the  lumen  of  the  gland.  The 
deep  staining  in  these  glands  was  due  to  the  ovoid  cells,  the  central 
cells  retaining  the  clear  appearance  common  in  hungering  glands,  and 
not  becoming  granular  and  readily  stained  as  in  normal  digestion. 

The  breaking  down  of  the  central  cells  seems  to  be  gradual,  and 
none  of  the  phenomena  here  described  are  seen  simultaneously  in 
all  the  glands  of  any  one  stomach.  Sections  shew  some  glands  with 
normal  hungering  central  cells;  others  appear  to  have  their  outer 
portions  more  or  less  broken  down  and  gone;  while  in  others  the 
central  cells  are  entirely  wanting.  That  the  central  cells  in  this  latter 
case  have  not  been  mechanically  broken  away  by  the  stimulus  em* 
ployed  seems  to  be  satisfactorily  shewn  by  the  fact  that  they  may  be 
wanting  in  parts  where  the  surface  and  vestibular  epithelium  is  quite 
intact.  This  and  the  orderly  way  in  which  the  cells  disappear  from 
without  inwards  seem  to  indicate  that  the  process  is  a  normal  secretive 
one,  however  magnified  by  the  unnatuiul  conditions  to  which  the 
animals  were  exposed. 

If  the  central  cells  do  in  this  way  disappear  in  the  course  of  normal 
secretion,  there  must  be  some  means  for  their  replacement,  and  sections 
from  the  above  stomachs  seem  to  indicate  that  they  take  their  origin 
from  the  ovoid  cells,  usually  by  division,  perhaps  sometimes  by  direct 
metamorphosis.    Signs  of  fission  among  the  ovoid  cells  are  numerous. 
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In  moet  of  the  stomachs  experimented  upon,  many  of  them  are  un- 
usually large,  and  commonly  contain  two,  sometimes  three  nuclei,  these 
appearances  being  most  common  at  the  deeper  parts  of  the  glands 
(Fig.  7,  c).  Cells  are  also  seen  with  an  apparent  division  line  across 
the  centre  and  a  nucleus  in  each  half.  In  a  single  gland  gradations 
may  be  found  from  a  large,  usually  elongated,  'ovoid'  cell  with  two  or 
more  nuclei,  to  small  closely  packed  cuboidal  cells  with  single  nuclei, 
the  intermediate  forms  being  describable  as  laige  cells  just  about  to 
divide,  or  small  ones  ill  defined.  In  Fig.  7,  at  c2,  forms  are  seen  com« 
bining  the  characters  of  both  '  ovoid'  and  central  cells ;  in  Fig.  10,  at  o, 
is  an  appearance  as  if  division  had  just  taken  place.  When  the  central 
cells  are  absent  their  place  is  frequently  occupied  by  elongated  *  ovoid* 
cells  containing  more  than  one  nucleus,  and  which  by  division  would 
give  cells  somewhat  of  the  form  and  in  the  place  of  the  missing  central 
cells.  The  immediate  result  of  the  division  is  not  a  typical  central 
cell ;  it  is  smaller  and  stains  more  darkly,  and  from  the  nature  of  the 
experiment  we  might  expect  that  these  cells  would  go  more  slowly  than 
usual  through  the  internal  changes  necessary  for  the  completion  of 
their  structure. 

I  am  not  prepared  to  maintain  that  division  of  an  'ovoid'  cell  is  a 
necessary  preliminary  to  the  formation  of  a  central  cell;  sometimes 
appearances  are  seen  which  suggest  a  direct  transformation,  and  often 
it  is  impossible  to  say  definitely  to  which  group  a  given  cell  belongs. 
Staining  specimens  from  these  stomachs  with  osmic  acid  brought  into 
view  '  ovoid'  cells,  some  stained  as  darkly  as  is  usual  with  this  re-agent» 
while  others  remained  as  light  a  hue  as  central  (!ells  commonly  do. 
Close  observation  of  normal  stomachs  shews  in  less  degree  similar 
appearances :  central  cells,  for  instance,  are  frequently  stained  on  their 
deeper  sides  by  aniline  blue,  quite  like  'ovoid'  cells,  and  'ovoid'  cells 
with  two  nuclei  can  be,  here  and  there,  almost  always  found. 

I  believe  the  difference  between  the  normal  stomach  and  the  sto- 
machs of  long-starved  animals  treated  as  above  described,  depends  upon 
the  different  rate  and  extent  of  cell  metamorphosis  in  the  two  cases. 
Nonnal  secretion  is  regular  and  probably  occupies  the  glands  by  piece- 
meal, and  the  cells  of  any  secreting  part  are  replaced,  step  by  step,  as 
they  are  broken  down :  while  in  my  animals  not  only  was  the  stimulus 
abnormally  prolonged  and  powerful,  but  the  previous  starvation  of  the 
animal,  and  the  absence  of  food-materials  which  could  be  absorbed 
from  the  stomach  during  the  stimulation,  made  the  cell  regeneration 
slow  and  deficient.     Herrendorfer",  so  far  as  I  know,  was  the  first 
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to  maintain  a  genetic  relationship  between  the  *  ovoid'  and  central 
cells.  He  supposes  that  the  *  ovoid*  cell  secretes,  and  in  the  process 
shrivels  up  into  the  central  cell.  I  have  already  given  reasons  for 
believing  that  the  'ovoid'  cell  is  not  concerned  directly  in  secretion,  and 
must  therefore  differ  from  him  on  that  point. 

If  the  fate  of  the  '  ovoid'  cells  is  to  give  rise  to  and  replace  central 
cells,  there  must  be  a  source  of  new  'ovoid'  cells,  and  that  outside  the 
gland  itself:  the  following  observations  bear  up  this  point.  The  corpuscles 
in  the  mesoderm  beneath  the  mucous  membrane  of  the  stomach  are 
commonly  much  like  ordinary  connective-tissue  corpuscles:  they  are 
more  or  less  branched,  and  radiate  or  triangular  in  optical  section. 
Sections  from  the  stimulated  starving  stomachs  shewed  in  addition 
undoubted  'ovoid'  cells  in  considerable  numbers  in  this  mesoderm  and 
entirely  outside  the  glands.  This  is  most  marked  in  the  deeper  parts 
of  the  mucous  membrane  where  the  mesoderm  is  thickest,  as  at  6, 
Fig.  7.  These  cells  may  abut  directly  upon  the  glands,  or  be  isolated 
from  them  at  different  distances  in  the  mesoderm :  many  of  them  are 
of  the^  common  '  ovoid*  cell  shape,  but  are  larger,  stain  less  deeply, 
and  are  not  so  sharply  defined.  Between  such  cells  and  the  typical 
mesoderm  cell  may  be  found  all  intermediate  forms,  some  of  which  may 
be  seen  at  a  in  Fig.  7.  Staining  with  osmic  acid  makes  the  undoubted 
connective-tissue  corpuscles  very  dark,  especially  the  smaller  and  more 
branched  forms.  In  the  normal  stomach  also  cells  are  frequently  found 
which  have  the  position  in  the  gland,  and  all  the  characters  of  typical 
'  ovoid*  cells,  except  that  they  are  more  or  less  branched,  their  processes 
penetrating  between  the  neighbouring  central  celL  I  believe  then  that 
it  is  very  probable  that,  in  the  adult,  the  mesodermic  corpuscle  is  the 
antecedent  of  the  '  ovoid'  cell ;  in  this  way  also  the  appearance  of  cells 
like  'ovoid'  cells  in  the  mesoblast  of  the  embryonic  stomach  gains 
a  significance,  although  I  think  it  probable  that  the  first  'ovoid'  cells 
in  the  embryo  are  formed  from  the  '  embryonic'  gland  cells  of  the  hypo- 
blast Once,  however,  the  original  hypoblast  cells  have  been  com- 
pletely differentiated  into  '  ovoid'  or  centml  cells,  I  believe  that  in 
future  the  new  '  ovoid*  cells  are  produced  by  differentiation  of  the  sur- 
rounding mesoblast  corpuscles,  which  still  retain  their  embryonic 
powers  and  characters;  and  that  from  the  'ovoid*  cells  so  produced 
new  central  cells  are  formed  to  replace  those  broken  down  in  the  pro- 
cess of  secretion.  It  is  possible  that  the  abundant  nuclei  of  the  adenoid 
tissue  of  the  adult  mucous  membrane  have  some  part  in  this  process  of 
cell  renewal. 
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To  sum  up  : — 

The  stomach  glands  are  formed  by  ridge-like  outgrowths  from  the 
surfacQ  of  the  mucous  membrane.  The  hypoblastic  cells,  at  first  in 
a  single  layer,  become  several  layers  thick  before  the  formation  of  the 
ridges,  and  become  single  again  over  these.  The  ridges  are  supported 
by  mesoblastic  outgrowths.  By  the  intersection  of  the  ridges  pits  are 
left  which  are  the  gland  pouches.  In  these  points  I  only  differ  in 
detail  from  Laskowsky  and  Brand. 

The  'ovoid'  cells  are  first  specialised  and  in  early  embryos  are 
found  in  the  pyloric  glands.  The  'central'  cells  are  specialised  con- 
siderably later. 

The  stomach  of  the  embryo  sheep  some  time  before  birth  possesses 
proteolytic  and  milk-curdling  powers. 

The  centi-al  cells,  to  judge  from  the  concurrence  of  the  period  of  their 
well-marked  specialisation  and  that  of  the  first  appearance  of  definite 
proteolytic  properties  in  the  mucous  membrane,  are  probably  alone  di- 
rectly concerned  in  the  formation  of  pepsin  (or  a  pepsin-zymogen). 

The  formation  of  pepsin  (or  the  pepsin-zymogen)  and  of  free' acid  in 
the  stomach,  are  not  parts  of  one  and  the  same  metabolism. 

The  cells  of  the  mesoderm  are  probably  the  progenitors  of  all  the 
cells  in  the  gastric  glai^ds  except  those  first  formed  in  the  embryo. 
They  give  rise  to  *  ovoid'  cells,  which  in  turn  by  fission  (and  perhaps  by 
direct  metamorphosis)  form  central  cells. 


DESCRIPTION    OF    PLATE   XII. 

Fig.  1.  Intestine,  sheep  embryo  \^  inch  long.  Transverse  section. 
X  380  diameters. 

Fig.  2.  Stomach,  sheep  embryo  ^inch  long,  a,  cells  of  hypoblast;  6, 
cells  of  mesoderm,     x  380  diameters. 

Fig.  3.  Flap  and  gland  processes  from  sheep  embryo  4|  inches  long, 
a,  gland  processes ;  6,  mesoderm ;  c,  developing  muscle  fibres,  x  220  diame- 
ters. 

Fig.  4.  A  single  gland  process  from  the  same,  more  magnified,  a,  flat- 
tened layer  of  mesoderm  cell&     x  380  diameters. 

Fig.  5.  Sheep's  stomach  near  cardia.  Embryo  8  inches,  a,  gland .  pro- 
cesses; 6,  ovoid  cells,  somewhat  too  sharply  defined;  c,  doubtful  forms; 
d,  central  cells ;  fy  embryonic  cells ;  g^  blood-vessel,     x  380  diameters. 
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Fig.  6.  Section  from  pyloric  part  of  same,  a,  embryonic  cell ;  6,  ovoid 
cells.     X  380  diameters. 

Fig.  7.  Stomach  (cat)  near  cardia.  Shews  gradations  between  meso- 
dermic  corpuscle  and  ovoid  cell,  a  a ;  ovoid  cell  in  mesoderm,  b ;  with  double 
nucleus,  c ;  intermediate  forms,  d ;  gland  without  ovoid  cells, /!  x  380  diame- 
ters. 

Hg.  8.     Pylorus  (?)  from  fasting  cat  after  stimulation,     a,  ovoid  celL 

Fig.  9.  Surface  of  mucous  membrane  from  fasting  stimulated  cat.  a, 
epithelium ;  b,  ovoid  cells. 

Fig.  10.  Vestibule  of  gland  from  cat  as  above  (osmic  acid),  a,  epithe- 
lium ;  b,  ovoid  cell ;  c,  transformation  form. 
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ON  THE  EPITHELIUM  OF  THE  CORNEA.  By  WM. 
STIRLING,  M.D.,  SaD.,  F.RS.R,  Beffius  Professor  of  the  InstUtUes 
of  Medicine,  and  DAVID  SKINNER,  M.  A.,  StudetU  of  Medicine  in 
the  University  of  Aberdeen.     (PL  XIII.) 

[Fr(ym  the  Fhi/siological  Laboratory  in  the  University  of  Aberdeen,] 

Our  attention  was  directed  to  a  peculiar  appearance  observable  in 
the  corneal  epithelium  of  the  rabbit,  which  we  were  led  to  investi- 
gate. The  cornea  was  that  of  an  albino  rabbit  which  had  been  hard- 
ened in  a  mixture  of  chromic  acid  and  spirit,  usually  employed 
for  hardening  the  retina.  Sections  were  then  made  and  stained 
with  various  dyes. 

On  examining  a  vertical  section  of  a  cornea  which  has  been  stained 
with  picro-carmine  and  mounted  in  glycerine,  we  get  such  a  view 
as  is  shown  in  Fig.  1,  PL  xni.,  where  a  represents  the  epithelium  cover- 
ing the  anterior  surface  of  the  cornea  proper,  b ;  c  the  posterior  elastic 
lamina.  The  picro-carmine  has  stained  the  nuclei  of  all  the  cells  red, 
their  substance  yellow,  and  the  cornea  proper  and  elastic  lamina  red. 

We  wish  to  direct  especial  attention  to  the  layers  of  celLs  that 
cover  the  anterior  surface  of  the  cornea.  The  usual  arrangement 
exists,  i.e.  the  lowest  cells  resting  on  the  cornea  are  more  or  less 
columnar,  whilst  the  cells  above  them  are  more  irregular,  and  on  the 
surface  they  gradually  pass  into  squames.  The  staining  with  picro- 
carmine,  however,  brings  a  peculiarity  of  this  lower  layer  of  colunmar 
cells  very  clearly  into  view.  As  seen  in  situ  the  general  mass  of  each 
cell  is  yellow  and  the  nucleus  red,  but  the  base  of  each  cell  has  attached 
to  it  a  clear  narrow  band,  hem  or  stripe,  highly  refractive  and  occu- 
pying from  i  —  V^  of  cell,  according  to  the  height  of  the  cell,  for  they 
vary  in  height  {d,  Fig.  1).  In  unstained  preparations  one  gets  at  first 
the  notion  that  this  is  due  to  an  anterior  elastic  lamina,  such  as  occurs 
in  the  cornea  of  many  animals.  That  this  clear  refractive  band  is  not  an 
anterior  elastic  lamina  is  shown  by  the  following  facts:  Ist  The 
posterior  elastic  lamina  is  stained  red  by  the  picro-carmine,  whilst 
this  band  is  stained  yellow.  2nd.  On  examining  it  more  closely 
it  is  seen  not  to  belong  to  the  cornea  proper,  but  to  the  bases  of 
the  lowest  layer  of  cells^  each  of  which  has  a  clear  hem ;  and  it  is 
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simply  by  these  clear  hems  being  placed  end  to  end  that  the  ap- 
pearance of  a  band  is  produced.  Further,  in  this  stripe  there  are  to 
be  seen  fine  lines  mapping  it  out  into  small  blocks,  each  corresponding 
in  breadth  to  the  base  of  a  cell.  The  clear  stripe  which  has  so 
marked  an  aflSnity  for  the  picric  acid  clearly  belongs  to  the  cells, 
and  has  nothing  to  do  with  an  anterior  elastic  lamina,  which  is  absent 
in  the  rabbit  as  it  is  in  some  other  animals,  e.g,  cat.  Fig.  Id  is  very 
instructive,  for  it  shows  a  part  of  the  corneal  epithelium  detached 
from  the  cornea  proper,  each  cell  showing  its  clear  hem. 

We  have  described  this  stripe  as  it  is  seen  in  a  section  of  the 
cornea  of  the  albino  rabbit,  but  it  is  not  peculiar  to  this  animal,  for  we 
have  found  it  in  the  corneal  epithelium  of  the  ordinary  coloured 
rabbit  also.  It  does  not  require  even  picro-carmine  to  bring  out  the 
stripe  clearly,  for  if  the  sections  are  placed  for  twenty-four  hours  in 
one-quarter  per  cent,  osmic  acid,  after  hardening  in  chromic  acid  and 
spirit,  the  stripe  stands  out  clearly.  This  method  of  putting  sections 
hardened  in  chromic  acid  for  some  time  into  osmic  acid  afterwards, 
is  a  most  invaluable  one,  many  fine  details  being  then  observable 
which  were  formerly  only  indistinctly  seen.  We  have  not  observed  this 
stripe  so  markedly  on  hardening  the  cornea  merely  in  dilute  chromic 
acid  or  in  picric  acid.  The  columnar  cells  forming  the  lowest  layer 
are  not  all  of  the  same  height,  nor  of  the  same  size,  as  generally  re- 
presented. This  is  well  brought  out  in  Fig.  2,  a  and  6,  and  Fig.  2  c 
shows  the  bases  of  these  cells,  and  here  we  note  that  they  are  not 
all  of  the  same  size  at  the  base. 

We  now  proceeded  to  isolate  the  corneal  epithelium,  and  this  we 
did  by  placing  it  for  a  day  or  two  in  iodised  serum,  which  rapidly 
dissolves  the  cement  and  the  cells  float  free.  The  lowest  columnar 
cells  are  always  slightly  expanded  at  their  bases,  and  the  clear  band  is 
not  so  marked  as  after  hardening.  Their  appearance  is  shown  in 
Fig.  2  a,  taken  from  a  preparation  isolated  by  iodised  serum.'  From  the 
middle  layers  a  few  prickle  cells  are  always  obtained  of  various  forms, 
and  Fig.  2  b  shows  the  difference  in  the  height  of  these  cells.  From 
above  this  layer  we  have  succeeded  in  isolating  smaller  cells — digitate 
cells,  whose  teeth  fit  in  between  and  grasp  the  apices  of  several 
columnar  cells.  We  shall  allude  to  these  more  fully  presently.  Prickle 
cells  can  also  be  easily  isolated.  Fig.  2  e. 

We  have  also  examined  the  epithelium  of  the  ox  and  sheep.  In 
the  ox  the  number  of  layers  of  epithelium  is  much  greater  and  the 
cells  of  the  lowest   layer  are   always   much  taller  than   the  similar 
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epithelium  from  the  rat,  rabbit  or  cat.  This  is  seen  at  once  in 
vertical  sections,  nor  have  we  found  the  clear  stripe  so  marked  here 
as  in  the  sheep  or  rabbit.  Fig.  3  gives  a  view  of  a  section  of  the 
cornea  of  the  ox  hardened  in  a  similar  way,  but  certain  of  the  appear- 
ances however  are  peculiar  and  apt  to  lead  one  into  error,  unless  con- 
trolled by  examining  other  preparations.  Every  here  and  there  groups 
of  short  broad  cells  {b)  are  to  be  observed,  occurring  between  groups  of 
tall  cells  (a).  This  is  not  a  normal  appearance  but  due  to  the  swelling 
out  of  those  at  b  compressing  those  at  a,  and  thus  giving  rise  to  this 
peculiar  appearance,  which  we  have  also  seen  in  the  rabbit's  cornea. 
It  is  easy  both  in  the  cornea  of  the  sheep  and  ox  to  detect  several 
layers  of  prickle  cells,  such  as  occur  in  stratified  epithelium  generally. 

We  find  that  Rollett*  has  also  noticed  in  the  lowest  layer  of 
ceUs  of  the  cornea  of  some  animals  a  basal  'hem'  or  'border'.  The 
method  of  preparation  which  we  have  indicated  causes  it  to  stand 
out  most  pronouncedly  in  the  cornea  of  the  rabbit.  Rollett  figures 
such  a  cell  from  the  frog's  cornea.  He  says,  ''The  expanded  basal 
borders  of  the  ceils  are  so  applied  to  each  other,  or  are  so  super- 
imposed upon  one  another  by  their  thin  edges,  that  the  borders  of  the 
several  cells  seen  collectively  in  situ  make  a  bright  stria  which  forms 
the  line  of  demarcation  between  the  epithelium  and  the  corneal 
tissuef ."  This  is  also  the  view  we  take  of  the  matter,  for  the  base  of 
each  cell  is  always  expanded  somewhat  and  broader  than  the  part 
immediately  above  the  base  (Fig.  4,  a  and  6). 

We  now  proceeded  to  isolate  the  cells  from  the  cornea  of  the 
ox  by  means  of  iodized  serum.  Fig.  4,  a  and  6,  shows  the  lowest 
layer  of  columnar  cells.  They  are  very  remarkable  on  account  of 
their  being  so  elongated ;  they  are  as  elongated  as  any  epithelium  in 
the  body.  Invariably  their  base  is  flat  as  described  by  Prof.  Cleland  J, 
and  always  expanded  as  we  have  figured  it,  resting  directly  on  the 
cornea  and  sending  no  process  into  it.  The  upper  end  is  pointed  or 
may  be  slightly  branched.  The  oval  nucleus  is  generally  situated  above 
the  middle  of  the  cell,  which  is  there  slightly  swollen  out  as  indicated 
in  the  figure.  The  clear  hem  is  very  delicate  and  not  nearly  so 
pronounced  as  in  the  rabbit.  Above  these  cells  Prof.  Cleland  in  1867 
described  cells  of  peculiar  shape,  to  which  he  gave  the  name  'digi- 

*  Bollett,  article  Coraea  in  Stricker*s  Histology,  English  Edition,  p.  424. 
+  L.e.  p.  427. 

X  On  the  Epithelium  of  the  Coraea  of  the  Ox,  Journal  ofAnat,  and  Physiology ,  YoL  u. 
p.  862. 
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tate\  "They  are  of  irregular  shape,  about  twice  as  broad  as  the 
columnar  epithelium,  but  by  no  means  so  elongated."  He  describes 
them  as  "  rounded  and  even  in  outline  at  the  superficial  extremity/' 
(but  they  are  not  all  so  (Fig.  4  c),  though  some  are,)  and  "jagged  at  the 
other,  and  send  in  processes  or  'digitations',  which  may  be  three  or 
four  in  number,  and  which  appear  to  fit  in  between  the  tapering 
points  of  the  columnar  cells."  We  have  directed  especial  atten- 
tion to  these  peculiar  'digitate'  cells,  for  their  existence  has  been 
denied  by  Rollett*,  but  there  cannot  be  the  slightest  doubt  of  their 
existence,  and  in  fact  we  have  observed  them  in  situ  in  vertical 
sections  of  the  cornea  of  the  ox,  especially  where  the  cement  substance 
and  outer  part  of  each  cell  has  become  stained  yellow,  as  not  unfrequently 
happens  in  tissues  kept  for  a  long  time  in  chromic  acid.  They  present 
much  the  appearance  of  a  molar  tooth  with  its  fangs,  dipping  in 
between  the  apices  of  the  columnar  cells,  and  Fig.  4  b  shows  how 
they  are  placed,  each  cell  being  in  relation  with  the  apices  of  several 
columnar  cells.  In  the  figure  one  cell  shows  three  processes,  another 
four.  We  have  already  indicated  that  we  have  succeeded  in  isolating 
similar  'digitate'  cells  from  the  cornea  of  the  rabbit  We  have, 
therefore,  confirmed  Prof.  Cleland's  observation,  and  are  at  a  loss 
to  know  how  they  could  have  escaped  Bollett's  observation,  so  easy 
is  it  to  isolate  them. 

Above  this  layer  of  digitate  cells  we  have  a  stratum  of  smaller 
cells  some  of  which  are  'digitate'  (Fig.  4(2),  and  there  is  a  gradual 
transition  between  them  and  small  prickle  cells  (which  occur  in  very 
large  numbers  in  the  cornea  of  the  ox  and  sheep),  and  gradually 
as  we  pass  upwards  we  come  to  the  large  flat  squames  on  the 
surface. 

EXPLANATION  OF  FIGURES,   PLATE  XIII. 

Fig.  1.  y.  S.  eomea  of  albino  rabbit,  hardened  ia  a  mixture  of  chromiG 
acid  and  spirit ;  a,  corneal  epithelium ;  6,  cornea  proper )  c,  elastic  lamina^ 
posterior  epitheUnm  removed ;  d^  clear  hem  on  corneal  epithelium. 

Fig.  2.  a,  various  forms  of  cells  from  lowest  layer  of  columnar  epithelium 
isolated  by  iodised  serum ;  h,  similar  cells ;  c,  bases  of  a  and  6 ;  (f,  '  digitate ' 
colls  from  higher  lajer ;  6,  prickle  cells  further  up  towards  surfiEkce  of  cornea. 

Fig.  3.  Peculiar  appearance  sometimes  seen  in  vertical  sections  of  cornea 
of  ox ;  a,  tall  compressed  cells ;  6,  similar  cells  swollen  out  and  compressing  a. 

Fig.  4.  Corneal  epithelial  cells  of  ox  isolated  by  iodised  serum ;  a  and  6, 
lowest  layer  of  cells  ;  6.  apex  grasped  by  fangs  of  a  digitate  cell  \  c,  '  digitate ' 
cells ;  df  smaller  digitate  cells  higher  up ;  «,  prickle  cells. 

♦  Op.  c.  p.  424. 


ON  THE  PHYSIOLOGY  OF  THE  SALIVARY  SECRE- 
TION.  By  J.  N.  LANGLEY,  M.A.,  FdUyu)  of  TrinU^  College, 
Cambridge, 

Part  II*.  On  the  Mutual  Antagonism  of  Atropin  and  Pilo- 
carpine having  especial  reference  to  their  relations  in  the 
Sub -maxillary  Gland  of  the  Cat. 

[Fron^  ike  Physiological  Laboratory^  Cambridge,'] 

Ah  interesting  paper  on  the  antagonistic  actions  of  atropin  and  pilo- 
carpin  on  the  sweat-glands  of  the  foot  of  the  cat  was  published  by 
Luchsingerf  towards  the  end  of  last  year.  He  showed  that  when 
the  secretion  induced  by  a  sub-cutaneous  injection  of  pilocarpin  had 
been  stopped  by  a  subsequent  sub-cutaneous  injection  of  atropin,  and 
the  secretoiy  nerves  of  the  sweat-glands  paralysed,  the  secretion  could 
be  started  afresh  and  the  secretory  nerves  once  more  made  irritable  by 
a  fresh  dose  of  pilocarpin  injected  locally  under  the  skin  of  the  foot. 

Hence  he  says  (p.  488) :  "  A  definite  quantity  of  atropin  can  then 
undoubtedly  annul  the  stimulating  action  of  a  definite  quantity  of 
pilocarpin,  but  on  the  other  hand,  this  so-called  paralysing  action  of 
atropin  is  in  its  turn  overcome  by  still  larger  quantities  of  the  stimu- 
lating agent  j."  And  thence  the  deduction  that  "  there  exists  between 
pilocarpin  and  atropin  a  true  mutual  antagonism,  their  actions  summing 
themselves  algebraically  like  wave  crests  and  hollows,  like  plus  and 
minus.  The  final  result  depends  simply  and  solely  upon  the  relative 
number  of  the  molecules  of  the  poisons  present  ||." 

*  For  Part  L  see  p.  96. 

t  Pfluger'g  Arch,  Bd.  xv.  p.  482, 1877. 

X  "  Eb  kann  aUerdings  eine  gewisse  Menge  Atropin  die  Beizvirkong  einer  gewissen 
Qnantitat  Pilocarpin  ganzlich  anfheben,  es  wird  aber  anoh  andererseits  diese  sog.  IShmende 
Wirknng  des  Atropin  duroh  noch  grossere  Mengen  des  reizenden  Mittels  wieder  iiber- 
wunden.** 

Q  **£&  exLstirt  ein  wahrer  doppelseitiger  Antagomsmns  zwisohen  Pilocarpin  nnd 
Atropin,  deren  Wirkong  wie  *  Wellenli)erg  nnd  Wellenthal'  wie  Plos  nnd  SCnns 
sioh  algebraisch  addiren.  Bamit  hangt  der  schliessliclie  Erfolg  einzig  nnd  allein  ab  yoq 
dem  Yerhaltnifls  der  Anzahl  der  anwesenden  Giftmolekule.*' 
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Seeking  for  examples  of  similar  mutual  antagonistic  action  pre- 
viously known  to  physiologists,  he  refers  to  Schmiedeberg's*  experi- 
ments on  the  heart  with  atropin  and  muscarin,  and  to  Heidenhain'sf 
experiments  on  the  sub-maxillary  gland  of  the  dog  with  atropin  and 
physostymin.  Luch singer  appears  to  represent  that  since  Heiden- 
hain's  results  are  contested  by  Rossbachj,  he,  in  his  paper  on  the 
sweat-glands,  has  been  the  first  to  bring  forward  a  clear  case  for  such 
mutual  antagonistic  action. 

To  that  representation  I  am  unwilling  to  agree  for  two  reasons ; 
firstly,  since  Heidenhain's  experiments  appear  to  put  the  occurrence 
of  such  action  beyond  all  doubt,  and  secondly,  since  such  action  was 
shown  by  me  in  1875  to  occur  with  the  heart  ||,  and  in  1876  with  the 
sub-maxillary  gland  of  the  dog§,  and  that  moreover,  with  the  same 
poisons  used  by  Luchsinger  in  1877,  viz.,  atropin  and  pilocarpin  IT. 

A  quotation  from  my  paper  on  the  action  of  the  alkaloids  on  the 
sub-maxillary  gland  of  the  dog  will  serve  to  indicate  this  {(yp,  cit  p.  179). 
*'  With  the  heart  of  the  frog  I  have  shown  (Joum,  Anat  and  Physiol. 
Oct.,  1875)  that  atropin  and  jaborandi  exert  an  action  depending  upon 
their  relative  proportions,  and  that  a  heart  freed  from  jaborandi  stand- 
still by  atropin  can  again  be  brought  to  a  stand-still  by  jaborandi  and 
once  more  freed  from  it  by  atropin.  A  corresponding  state  of  things 
holds  good  with  the  salivary  (sub-maxillary)  gland :  the  pilocarpin 
secretion  that  has  been  stopped  by  atropin  can  be  renewed  by  pilo- 
carpin and  again  stopped  by  atropin."  The  details  of  two  experiments 
illustrating  this  antagonistic  action  are  there  given. 

But  Luchsinger,  although  not  the  first  to  state  that  the  effects 
produced  when  the  two  poisons  are  given  depend  on  the  relative 
amounts  of  them  present,  yet  has  used  the  term  ''  mutual  antagonism  " 
with  greater  emphasis  than  others.  This  term  I  have  previously 
avoided,  for  I  had  seen  that  when  a  large  dose  of  pilocarpin  was 
injected  into  the  artery  of  the  sub-maxillary  gland,  the  chorda  was 
paralysed;  that  is,  the  observed  physiological  effect  was  the  same  as 
that  produced  by  atropin;  so  too  I  had  seen  that  pilocarpin,  like  atropin, 

♦  Quoted  by  B6hm,  HerzgifU,  p.  12. 

+  Pfl tiger's  Arch.  Bd.  v.  p.  309,  Bd.  ix.  p.  886. 

X  Wiirzburger,  Verdhd,  Bd.  v.  Bd.  vi.  Bd.  vn.  and  Pflttger'a  Arch,  Bd.  x.  p.  435. 

II  Joum.  Anat,  and  Phys.  Vol.  x.  p.  187,  Oct.  1875. 

§  Joum.  Anat.  and  Phys.  Vol.  xi.  p.  173,  Oct.  1876. 

IT  Provost  too  has  shown  that  after  atropin  moscarin  can  still  cause  salivary  secre- 
tion. Rapport  pr.  au.  Congret  med.  intemat.  de  Genive,  Sept.  1877.  Compt.  Eend. 
Oct.  1,  1877. 
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paralysed  the  cardiac  inhibitory  fibres  in  the  frog.  It  seemed  to  me 
then  that  while  with  not  too  large  doses  the  two  poisons  were  apparently 
mutually  antagonistic,  yet  that  a  general  statement  declaring  the 
mutual  antagonism  of  the  poisons,  with  regard  to  the  saliyary  gland, 
was  not  justifiable,  since  with  large  doses  the  obvious  physiological 
effect  of  paralysis  was  the  same.  This  point  has  apparently  escaped 
Luchsinger's  observation. 

In  the  following  paper  an  attempt  is  made  to  bring  into  harmony 
the  action  of  pilocarpin  in  large  doses  with  its  action  in  small,  and  to 
examine  the  limits  with  which  the  term  '*  mutual  antagonism  "  must  be 
used  in  speaking  of  pilocarpin  and  atropin. 

It  has  seemed  to  me  better,  instead  of  repeating  and  extending  my 
observations  on  the  dog,  to  work  through  all  the  actions  on  the  cat,  for 
in  the  cat  the  sympathetic  as  well  as  the  chorda  is  paralysed  by  atropin 
and  so  another  nerve  offered  on  which  to  test  antagonistic  effects,  and 
in  the  cat  there  is  little  danger  of  the  cannula  being  plugged  up,  since 
the  sympathetic  secretion  is  watery.  In  giving  a  complete  record  of 
the  actions  in  this  animal,  some  amount  of  repetition  of  results  already 
obtained  in  the  dog  is  unavoidable;  but  this  is  I  think  more  than 
compensated  by  the  direct  comparison  capable  between  the  experi- 
ments. 

The  action  of  pilocarpin  on  the  chorda  tympani  and  sympathetic 
nerves  I  shall  give  in  some  detail,  but  I  trust  in  no  more  than  is 
necessary  to  enable  an  independent  conclusion  on  mutual  antagonism 
to  be  made. 


Effects  of  a  small  dose  of  Pilocarpin  injected  into  a  blood-vessel 

An  exceedingly  small  quantity  of  pilocarpin,  as  O'OOl  gram.,  will 
call  forth  a  lively  secretion  of  saliva,  so  it  may  be  noticed  in  Exp.  1 
a  few  drops  of  a  0*2  p.  c.  solution  falling  into  an  open  wound  caused  a 
marked  flow. 

A  few  minutes  after  the  beginning  of  a  secretion  so  produced,  sti- 
mulation of  the  chorda  causes  an  increase  in  the  flow,  which  is  much 
less  than  the  flow  caused  by  equal  chorda  stimulation  previous  to  the 
pilocarpin  injection. 

The  effect  of  stimulating  the  sympathetic  is  in  like  manner  di- 
minished, but  proportionately  to  a  less  extent. 

After  the  quickening  of  flow  from  sympathetic  stimulation  there 
follows  a  slowing. 

PH.    I.  24 
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As  the  pilocarpin  secretion  diminishes  the  effect  of  nerve-stimula- 
tion to  some  extent  returns  to  normal. 

The  diminution  in  the  effect  of  nierve-stimulation  shows  itself  more 
clearly  with  a  somewhat  larger,  though  still  very  small  dose,  of  the 
alkaloid,  as  0001  to  0005  gram. 


ExPEBiMENT  I. — Cat ;  rather  large. 

8.10  p.  m.  Chloroform  given  and  1*5  cc.  of  5  p.c.  morphia  injected  snbcntaneonsly. 
Cannula  placed  in  omral  artery  for  injection  peripherally ;  sympathetic  nerre  ligatured 
and  cat  in  neck,  chorda  tympani  ligatured  and  cut  as  in  Exp.  I.  Part  I.  (see  antea,  p.  99). 
Cannula  in  duct  connected  with  a  fine  glass  tube  graduated  in  millimetres,  fixed  in  a 
stand  so  tibat  the  free  end  of  the  tube  was  a  little  above  the  level  of  the  duct.  For  stimu- 
lation one  Daniell's  ceU  connected  with  a  du  Bois-Beymond's  induction  coil  was  used. 
The  shocks  were  first  felt  by  the  tip  of  the  tongue  with  the  sec.  coil  at  about  14  cm.* 

[It  is  to  be  noticed  that  in  the  Table  given  below  of  the  amount  of  secretion  in  equal 
following  times  the  numbers  cannot  be  taken  to  be  strictly  accurate,  since  with  a  some- 
*what  rapidly  flowing  fluid  it  is  difficult  to  decide  whether  the  top  of  the  column  is  exactly 
at  the  beat  of  a  metronome  at  say  70  or  72  ;  moreover,  as  I  wished  to  have  the  course  of 
the  experiment  well  under  control,  I  stimulated  the  nerves  myself  as  well  as  observed  the 
flow  of  saliva ;  hence  in  those  cases  in  which  the  flow  of  saliva  was  noted  at  regular  short 
intervals,  a  few  seconds,  varying  from  4  to  6,  were  taken  up  in  writing  down  the  rise  and 
placing  the  nerve  in  the  electrodes;  this  tune  must  be  subtracted  from  the  full  period 
given  for  convenience  in  the  table.  I  think  however  it  will  be  evident  that  the  possible 
errors  of  observation  so  introduced  are  very  much  too  small  to  affect  the  results  arrived  at.] 


S.r4.  Stimulated  chorda;  sec.  coil  at  12  for 
24  sees. ;  saliva  rises  92  mm.  during  stimulation, 
48  mm.  after. 

4.0.  Sympathetic  stimulated;  sec.  coil  at  15 
for  24  sees. ;  saliva  rises  39  mm.  during  stimula- 
tion, 1  mm.  after. 

4.2.  Sympathetic  stimulated;  sec.  coil  at  19 
for  24  sees. ;  saliva  rises  4  mm. 

4.4.  Sympathetic  stimulated;  sec.  coil  at  15 
for  24  sees. ;  saliva  rises  39  nmi.  during  stimula- 
tion, and  7  mm.  after. 

4.10.  Attempt  to  inject  0*2  p.c.  pilocarpin 
into  crural  artery ;  a  clot  has  formed  in  the  neck 
of  the  cannula,  preventing  fluid  from  passing  into 
the  artery ;  the  pressure  used  drives  a  few  drops 
of  pilocarpin  from  the  S3rringe,  which  fall  into  the 
open  wound.    Clean  out  and  replace  cannula. 

4.12.    Slow  secretion  commenced. 

The  transverse  lines  in  the  right-hand  columns 
indicate  a  break  in  the  observance  of  the  flow  of 
saliva,  necessitated  by  the  filling  of  the  measuring 
tube. 
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.18 

Chorda 

81 
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36 
24 
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Nenre 
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Flow  of 
saliva 
measured 
in  milli- 
metres. 

Time  in 

sees,  of 

saliva 

flow. 
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index  of 
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coU. 

52 

24 

Chorda 

75 

ft 

12 

58 

»» 

83 

24 

Symp. 

59 
20 

»» 

12 

30 

»( 

4.18.35 


4.20.45 


4.23.80 


4.25 


Injected  0*1  cc.  of  0-2  p.c.  pilocarpin 
( = 2  mg. )  at  abou^  35^  C.  into  crural 
artery. 


Chorda 


Chorda 


Chorda 


65 

24 

72 

(( 

79 

»i 

60 

24 

75 

1* 

65 

ti 

45 

24 

39 

>f 

20 


14 


♦  By  an  oversight  in  Pt.  L  the  distance  of  the  index  of  the  sec.  coil  from  the  primary 
was  said  to  be  measured  in  millimetres  instead  of  centimetres. 
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The  part  of  this  experiment  occurring  after  the  injection  of  atropin 
I  shall  allude  to  in  considering  the  mutual  action  of  atropin  and  pilo- 
carpin ;  the  earlier  part  illustrates,  I  think,  what  I  have  said  on  the 
action  of  small  doses  of  pilocarpin.  The  chorda  normally  stimulated 
for  24  sees,  with  the  sec.  coil  at  12  mm.  gave  a  rise  of  92  mm.,  with  a 
marked  after-rise  of  48  mm. ;  but  after  rather  more  than  2  mgs.  of 
pilocarpin  stimulation  for  24  sees,  only  raises  the  secretion  from  65  mm. 
to  72  mm.,  from  60  mm.  to  75  mm.,  from  39  mm.  to  78  mm.,  and  from 
34  mm.  to  73  mm.,  with  the  secondary  coil  at  20,  14,  12,  and  5,  re- 
spectively, and  produces  but  a  slight  after-risa  It  would  appear  too 
from  this  that  the  sum  of  the  effects  obtainable  by  pilocarpin,  plus 
chorda  stimulation,  is  very  nearly  constant  within  a  wide  range  of 
variation  of  the  strength  of  stimuli  employed  for  the  chorda. 

The  proportional  diminution  of  the  effect  of  the  sympathetic  is  less 
than  that  of  the  chorda;  the  sympathetic  which,  normally  stimulated 
for  24  sec.  with  the  sec.  coil  at  12,  gave  a  rise  of  39  mm.  with  a  slight 
after-rise,  subsequent  to  the  pilocarpin  injection  gives  a  rise  of  21  mm. 
(Obs.  8),  and  19  mm.  (Obs.  11),  with  sec.  coil  at  17  and  15  respectively. 
In  one  instance  only  (Obs.  9)  is  the  secretion  from  sympathetic  stimu- 
lation nearly  equal  to  normal,  being  31  mm. ;  but  this  is  the  result  of 
another  effect  of  the  sympathetic.  Regarding  Obs.  3,  it  appears  that 
stimulation  of  the  sympathetic  causes  after  the  increase  during  stimu- 
lation a  diminution  of  13mm.  in  the  subsequent  24  sees.;  Obs.  10 
shows  a  similar  diminution  (cp.  also  pp.  346,  350).  Now  between  the 
end  of  Obs.  8  and  Obs.  9  there  was  but  an  interval  of  15  sees.,  so  that 
in  the  latter  the  secretion  is  in  the  stage  of  diminished  effect,  and  the 
increase  of  31  mm.  is  partially  due  to  this  effect  passing  off,  and  the 
normal  pilocarpin  secretion  returning.  After  a  short  rest  we  see 
(Obs.  10)  that  the  pilocarpin  secretion  is  16  mm.  and  18  mm.  in 
12  sees.,  i.e.  34  mm.  in  24  sees.,  and  that  then  stimulation  of  the  sympa- 
thetic causes  a  rise  of  but  18  mm.  to  27  mm.  in  12  sees.,  which  reckoned 
for  24  sees,  gives  a  rise  of  18  mm. 

The  experiment  further  shows  that  an  added  small  dope  (2  mgs.)  of 
pilocarpin,  whilst  slightly  increasing  the  continuing  secretion,  dimin- 
ished further  the  effect  of  sympathetic  stimulation,  producing  the 
former  effect  somewhat  more  rapidly  and  readily  than  the  latter :  cp. 
(12)  and  (13). 

In  this  experiment,  about  4  mgs.  of  pilocarpin  were  injected  in  three 
doses;  in  many  cases  if  this  amount  be  injected  in  one  dose,  for  a 
varying  time  after  the   secretion  has   commenced,   the  chorda  gives 
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but  a  very  slight  increase  of  flow  on  electrical  stimulation,  and  the 
secretory  effect  of  the  sympathetic  is  diminished  only  to  a  less  degree. 
The  minimum  amount  which  effects  this  varies  somewhat  widely  in 
different  cats. 

The  most  marked  case  I  have  seen  of  considerable  effect  from  a 
very  small  dose  is  the  following  (Exp.  II.),  on  a  young  small  cat :  the 
stimulation  of  the  chorda  which  normally  gave  a  rise  of  48  mm.  in 
24  sees.,  failed  to  produce  any  secretion  during  about  15  sees,  after  the 
injection  of  pilocarpin.  Still  it  is  to  be  remembered  that  the  stimu- 
lation here  used  was  somewhat  weak.  ' 


EXPEBWHT  II. 

Cat ;  ycnug ;  utuUI ;  thin. 

13.  Chloroform  giveii  and  1  oo.  6  F.a.  mor- 
phia injected  aabcutBoeonsl;.  Fcelituinaiyarratige- 
ments  aa  in  Eipenment  I.  eioept  that  ^mpathetia 

12.32.  Stimnkted  chorda ;  eeo.  coil  at  17  for 
SlBdOs.;  tiaoof48in. 

IS.IO.  Injected  into  cmrol  arterj  0-76  eo.  of  a 
0'3  p.D.  Kolation  of  pilooarpin  at  SS*  C.  abont 
(  =  1-5  mg.).    Saliva  at  16  m. 

12.42.     Saliva  at  17  m. 

Stimulated  chorda,  see.  coil  =  17  foi  24  sMa., 
rise  ot  S4  m.,  which  oontinnes  after  the  end  of  the 
BtimulatioD,  giving  again  rise  ot  64  m.  in  24  seea. 
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The  above  experiment  oEFera,  like  Experiment  I.,  instances  of  the 
slight  change  in  affect  produced  by  considerable  variation  in  strength  of 
stimuluBi  the  sympathetic  brings  the  secretion  to  20,  19,  17,  15,  15 
when  stimulated  with  the  sec.  coil  at  14,  17,  19,  21,  8,  so  the  chorda 
(counting  in  the  flow  of  the  succeeding  period  to  obtain  the  whole 
effect)  brings  the  secretion  up  to  12,  44,  39,  53,  49,  36,  40,  41,  41,  45 
when  stimulated  with  the  sec.  coil  respectively  at  20,  23,  25,  15,  12,  10, 
8,  6,  4,  2,  the  shocks  not  being  felt  with  the  sec.  coil  at  15,  and  painful 
to  the  tongue  even  for  the  shortest  period  at  4 ;  yet  the  sum  of 
the  secretion  obtained  varies  but  slightly,  with  the  shocks  of  much 
feebler  and  of  greater  intensity. 

It  shows  too  that  as  the  pilocarpiu  secretion  diminishes,  the  effect 
of  stimulating  the  nerve  returns  partially  though  not  entirely. 

Effects  of  a  larger  quantity  o/Pilocarpin  injected  in  auocesaive  doses  into 
a  blood-vessel. 
After  successive  larger  pilocarpiu  doses  there  occurs  a  long-con- 
tinuing condition  in  which  stimulation  of  the  sympathetic  causes  no 
increase,  but  only  a  decrease  of  the  secretion  more  and  more  marked  (in 
certain  limits)  with  the  increase  in  the  strength  of  the  stimuli  and  the 
time  during  which  the  stimuli  are  applied,  and  in  which  stimulation  of 
the  chorda  causes  a  very  slight  increase  in  the  secretion  rather  more 
marked  with  the  stronger  stimuli. 
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J2.60|i.m.  Cat.  CMoTofann.  ArraDgemeiita  as 
in  EipenmeDt  I.,  except  that  a  tnodiflcation  ot 
Ludwig'a  eleotrodefl,  imil  the  appajatus  dcBoribed 
in  Part  L  p.  100,  for  Btimulatioii  vas  QRed.  The 
nerrea  in  this  experiment  then  were  atimnlated 
Jtuing  the  whole  time  set  down  in  the  tables  ;  the 
ithocka  for  a  oorreBponding;  poeitiou  ol  the  secon- 
a&rj  ooil  were  weaker. 

1.40.  Stimulated  ohoida;  for  aOseoa.  with 
sec.  ooil  at  B ;  rise  of  94  mm.,  alter  atimolation 
continaea  21  mm, 

1.44.  Stimulated  ajmpathetic  ;  for  20  aeca. 
with  aeo.  ooil  at  8 ;  rise  of  53  mm.,  after  atimnla- 
tion  ooDtinaeH  11  mm. 

1.46.  Inject  into  oniral  arter;  0-G  iw.  of  a  126 
aqoeoua  aolution  of  pilooarpin  (  =  6'25mg.). 
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2.32  p.m.  Chorda  and  ijimpathetio  both  give  a 
lead;  seoretion  on  BtimnlatiDg  with  see.  ooil  at  10. 

2.24.30,  Inject  into  cmial  axter7  3  do.  of  pilo- 
Bsrpin  solution  oontaimng  13'6  mg. 
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In  the  above  certain  effects  are  but  the  intensification  of  similar 
ones  seen  with  a  small  quantity  of  pilocarpin,  such  as  the  diminution 
of  secretory  power  in  the  chorda  and  sympathetia  Both  experiments 
show  that  as  pilocarpin  is  given  the  later  doses  have  less  and  less  an 
increasing  effect  on  the  secretion ;  in  Exp.  III.  at  2  h.  43  min.  the  in- 
jection of  31*25  mg.  of  pilocarpin  after  the  previous  injection  of 
18*75  mg.  does  little,  if  anything,  more  than  to  keep  up  the  secretion 
to  its  previous  rate ;  and  in  Exp.  IV.  at  3  h.  15  min.  37*5  mg.  of  pilo- 
carpin after  72*5  mg.  causes  no  perceptible  increase  in  the  flow.  A 
point  worth  notice  is  that  as  the  amount  of  alkaloid  increases  the 
diminishing  effect  on  the  flow  of  stimulating  the  sympathetic  becomes 
less  easy  to  produce.  Thus  in  Exp.  III.  at  2  h.  21  min.  stimulation  of 
the  sympathetic  with  the  sec.  coil  at  6  reduces  the  flow  in  24"  from 
22  m.  to  6  m.  per  12",  whilst  at  3  59  after  added  pilocarpin  the  stimu- 
lation of  the  sjrmpathetic  with  the  same  strength  of  current  continues 
fbr  more  than  36",  before  it  reduces  the  flow  from  18  m.  to  9  m.  per  12". 
The  consideration  of  this  and  of  the  fact  seen  also  above,  that  the 
chorda  is  able  to  cause  an  increase  in  the  secretion  for  some  time  after 
the  sjrmpathetic  has  ceased  to  do  so,  I  shall  leave  till  later. 


Effect  of  a  large  dose  of  Pilocarpin  injected  into  the  gland  artery. 

In  the  eleven  experiments  I  have  made  on  the  injection  of  the 
alkaloid  into  the  gland  artery,  the  method  of  operation  has  in  the  main 
been  that  described  by  Heidenhain* ;  as  a  rule  however  the  subclavian 
arteries  with  the  vertebrals  were  left  untied.  In  order  to  avoid  diminution 
of  blood-pressure  the  pilocarpin  was  to  a  greater  or  less  extent  prevented 
from  getting  into  the  general  circulation  after  traversing  the  gland;  the 
dissection  for  this  needs  no  description,  it  is  the  same  as  that  gone  through 
when  it  is  required  to  allow  the  blood  from  the  gland  to  flow  at  will 
either  out  of  the  body  or  onwards  to  the  heart.  In  one  or  two  cases  no 
blood  traversing  the  gland  after  the  injection  of  pilocarpin  was  allowed 
to  reach  the  heart,  the  animal  then  slowly  bleeding  to  death.  It  is 
advisable  to  ligature  the  vessels  of  the  lymphatic  glands  which  lie  close 
to  the  submaxillary  gland. 

Usually  the  injection  was  made  through  the  lingual  instead  of  through 
the  sub-mental  artery,  since  in  the  cat  the  former  is  the  more  convenient. 

By  this  method  then  can  be  observed  the  effects  on  the  gland  of 

•  PflUger»fl  Arehiv,  Bd.  n.  p.  337  (1874). 
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large  doses  of  pilocarpin,  efifects  which  cannot  be  observed  by  injection 
into  the  general  circulation  since  the  heart  is  stopped  before  they  occur, 
and  even  with  non-fatal  doses  the  method  has  the  advantage  of  reducing 
to  a  minimum  the  effects  of  diminished  blood-pressure. 

Nevertheless  the  method  has  disadvantages  of  its  own,  it  stops  the 
access  of  blood  to  the  gland  for  a  short  time,  one  to  two  minutes;  and 
the  place  of  the  blood  is  taken  by  a  fluid  of  very  different  constitution 
and  usually  with  a  comparatively  high  per-centage  of  salts.  That  both  of 
these  tend  to  have  an  injurious  effect  upon  the  gland  there  can  be  no 
doubt,  but  the  experiments  of  Heidenhain*  on  the  injection  of  phy- 
sostigmin  through  the  gland  artery  of  the  dog  and  of  Pr^vost-f"  on 
the  injection  of  muscarin  through  the  gland  artery  of  the  cat  are 
sufficient  to  show  that  a  considerable  quantity  of  fluid  does  not  kill 
the  gland  or  destroy  the  irritability  of  the  secretory  nerves.  I  have 
thought  it  advisable  to  confirm  this  by  injecting  both  0*75  per  cent, 
and  4  per  cent,  sodium  chloride  solution  through  the  gland  artery.  There 
occurs,  more  especially  with  the  stronger  solution  (cp.  Exp.  VI.),  a  not 
inconsiderable  diminution  in  the  effect  of  the  chorda  and  sympathetic 
nerves,  less  marked  with  the  latter.  Still  this  effect  can  be  separated 
from  that  proper  to  pilocarpin. 

In  the  different  experiments  there  have  been  somewhat  large  varia- 
tions in  the  ratio  of  pilocarpin  given  and  effects  produced  on  the  gland ; 
this  has  been  largely  due  to  the  greater  or  less  precaution  taken  to 
prevent  pilocarpin  making  its  way  into  the  general  circulation  and 
lowering  the  blood-pressure.  An  important  cause  of  variation  in  the 
effect  of  a  definite  dose  is  the  not  infrequent  presence  of  a  second  gland 
artery,  and  the  usual  presence  of  several  gland  veins;  as  all  but  the 
main  artery  and  vein  are  indirectly  ligatured  the  cells  which  are  sup- 
plied by  the  second  artery,  or  which  are  in  the  neighbourhood  of  the 
smaller  veins,  receive  less  pilocarpin  than  the  rest ;  these  then  by  secret- 
ing may  disguise  the  complete  absence  of  secretion  from  the  rest  of  the 
gland.  A  small  branch  too  piercing  the  gland  usually  proceeds  firom 
the  gland  artery  to  the  stemo-cleido-mastoid  muscle. 

We  have  seen  that  as  the  quantity  of  pilocarpin  increases  the  rate 
of  flow  of  saliva  produced  diminishes.  By  injecting  through  the  gland 
artery  in  one  or  two  doses  pilocarpin  up  to  about  0*2  gram,  the  secre- 
tion occurring  immediately  on  injection  is  stopped  and  there  is  for 
some  time  no  further  secretion;  moreover  stimulation  neither  of  the 

*  Op.  cit,  Cf.  also  Sttidieti,  Breslau,  Ilf.  4,  p.  88, 18G1,  for  the  influoncc  of  blood  supply, 
t  Op.  cit. 
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chorda  nor  sympathetic  produces  any.  The  blood-flow  through  the 
gland  during  the  first  part  of  tbis  time  is  slower  than  normal,  and 
stimulation  of  the  chorda  and  sympathetic,  e^^cially  the  former,  have 
but  a  slight  effect  upon  it. 

With  a  less  dose  of  pilocarpin,  as  0*06  gr.  to  01  gr.,  there  is  in  the 
first  few  seconds  a  rather  rapid  secretion,  which  stops  as  the  injection  is 
continued.  The  stage  of  complete  nerve  and  gland  paralysis  lasts  for  a 
minute  or  even  less  after  the  re-establishment  of  the  blood-current,  a 
secretion  then  begins  slowly,  increasing  in  rapidity  up  to  a  certain  limit : 
during  the  early  part  of  the  secretion  stimulation  of  the  secretory  nerves 
produces  little  or  no  effect,  the  sympathetic  being  less  readily  rendered 
ineffective  and  recovering  earlier  than  the  chorda.  The  recovery  of  the 
nerves  is  quicker  the  less  the  pilocarpin  that  has  made  its  way  into  the 
general  circulation.  The  chorda  causes  an  increase  in  the  blood-flow 
much  less  than  normal,  the  sympathetic  produces  a  very  apparent 
decrease. 

With  a  small  dose  of  pilocarpin,  the  effects  are  the  same  as  those 
obtained  by  injecting  into  a  vein,  viz.  rapid  secretion  and  large  increase 
of  blood-flow. 


EzPEBnOENT  y. 

Cat ;  moderate  size. 

Chloroform  and  nrari  given;  artificial  respiration;  on  left  side  cannnla  in  dnot 
connected  with  graduated  tube ;  diorda  ligatured  and  cut ;  a  loose  ligatnre  placed  ronnd 
sympathetic  filaments  on  external  carotid  artery,  including  filaments  going  to  the  gland. 
Facial  artery  tied  a  litUe  beyond  origin  of  sub-maxillary  artery ;  curved  screw  clamp  on 
lingual  arteiy  near  origin ;  cannula  for  injection  tied  in  lingual  towards  its  origin ;  a  loose 
ligature  of  thick  silk  placed  under  extemid  carotid  where  it  bendd  round  digastric  muscle ; 
curved  screw  clamp  on  external  carotid  just  centrally  to  origin  of  lingual,  avoiding  sympa- 
thetic filaments.  All  branches  of  jugular  tied  except  gland  vein.  Apparatus  for  stimulat- 
ing like  that  in  Pt.  1,  p.  100.  In  order  to  have  an  accurate  time-record  two  electro- 
magnetic markers,  arranged  in- the  same  vertical  line,  were  brought  to  trace  on  the 
continuous  paper  roll  of  a  kymograph;  Uie  one  marked  seconds  t£^ughout,  the  other 
traced  a  straight  line  except  when  a  key  was  closed,  then  making  an  up  stroke ;  an  assis- 
tant, as  each  event,  injection,  stimulation,  etc.,  took  place,  put  down  the  key  and  made  a 
note  of  the  event. 
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12.11.5.    Ligatured  external  carotid  artery. 

12.15     I  Symp.  |     21      |      3      |     80     |      6 

12.19.55.  Clamp  jugular ;  cut  facial  vein  periphe- 
rally to  entrance  of  glimd  vein  so 
that  blood  from  gland  and  that  only 
runs  out  of  body. 


12.20.40.  Clamp  carotid  artery ;  blood-flow  from 
cut  facial  vein  stops. 

12.20.50.  Inject  into  lingual  and  so  into  gland 
artery  8'5cc.  of  4p.o.  pilocarpin  so- 
lution at  about  85<^0.  At  end  of  in- 
jection fluid  from  facial  vein  issues 
clear. 

12.21.42.    End  of  injection. 

12.22.         Clamp  lingual  artery. 

12.22.10.  Undamp  carotid  artery;  blood  flows 
fairly  freely  from  vein. 

12.22.15.  Note  saliva— during  injection  there  has 
been  a  flow  of  32  nmi. 

12.23.4.      There  has  been  no  further  saliva  flow. 
In  following  stimulations  the  index  of 
sec.  coil  was  at  6  unless  otherwise 
mentioned. 
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12.34.87.    Saliva  has  risen  since  injection  \  m. 

12.37.10.    No  farther  rise  of  saliva. 
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during    last    33"    of/ 
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12.80.15.  End  of  last  stimulation. 

12.31.36.    Clamp  carotid ;  blood-flow  from  steppe  1. 

12.82.20.  Inject  3*5  cc.  4  p.c.  pilocarpiu  into  lin- 
gual artery  at  about  30°  C.  At  end 
fluid  issues  from  vein  clear. 

12.82.52.  End  of  injection;  during  injection 
saliva  rises  6  mm. 
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12.37.10.  Symp.  stim.  for  30" 
Secretion  in  next  45" 
Secretion  in  next  34" 
Secretion  in  next  40",) 
during    last    31"    of[ 
which  chorda  stim.     ) 
Secretion  in  next  85" 
Secretion  in  next  57",\ 
during    last    30"   off 
which    symp.    stim.r 
with  sec.  coil  at  5       ) 
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12.41.11. 


1.53. 


End  of  last  stimulation ;  during  it,  the 
blood- flow  from  vein  became  slower 
and  at  end  stopped;  clot  in  vein; 
on  removing  clot  blood  flows  again 
slowly. 

Clamp  carotid  and  inject  salt  solution 
0*75  p.c.  into  lingual,  fluid  flows  oat 
fairly  readily  from  vein. 


In  the  above  the  effects  of  the  two  injections  are  similar,  but  are 
more  decided  after  the  second  injection ;  there  for  four  minutes  and  a 
quarter  but  the' slightest  secretion  of  saliva  took  place,  and  not  a  trace 
for  three  minutes;  the  secretion  then  slowly  begins  and  increases  in 
rapidity,  for  a  time  totally  unaffected  by  stimulation  of  either  chorda  or 
sympathetic,  the  first  effect  observable  being  a  retardation  of  the  secre- 
tion by  Sjrmpathetic  stimulation  coincident  with  the  increasing  effect  of 
the  sympathetic  on  the  blood-flow. 

EXPEBIMENT  YI. 

Cat;  young;  small. 

Chloroform  and  morphia  given.  Arrangements  as  in  previous  experiment  except  that 
sympathetic  nerve  in  neck  ligatured,  cut  and  stimulated,  sjrmpathetic  filaments  on  carotid 
being  separated  from  the  artery  so  as  not  to  be  included  in  the  artery  clamp ;  the  loose 
ligature  round  the  external  carotid  where  it  bends  out  in  front  of  the  origin  of  the  digas- 
tric muscle  was  raised  during  injection  of  pilocarpin  only,  at  other  times  blood  could  flow 
through  it.    The  kymograph  was  not  used. 
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11.51.  Clamp  jugular,  unclamp  branch,  so  that 
blood  from  gland  runs  out  of  body. 

11.53.  Clamp  carotid.  Inject  into  lingual  ar- 
tery and  so  into  gland  artery  3  co.  of 
4  p.c.  sodium  chloride  solution  at 
22<^C.    Issues  at  end  clear  from  veuu 

11.54.30.    Unclamp  carotid. 


11.55.      I  Chorda        |      18 


80      I      10 


11.57.         Clamp  jugular,  clamp  jugular  branch  so 
that  blood  from  vein  goes  to  heart. 
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Preliminary  arrangements  for  injection 

as  before. 
Inject  into  gland  artery  2'6co.  Ip.c. 

solution  pUocarpin  at  abont  30^. 
Daring  the  first   part  of   injection  a 
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Unolamp  carotid. 
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from  vein  slow,  slightly  increased  by 

chorda  stimulation. 
Saliva  has  risen  16  mm* 
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Seven  drops  1  p.c  atropin  in  wound  in 

neck. 
Secretion  stopped;  stimulation  neither 

of  chorda  nor  sympathetic,  sec.  coil 

7,  produces  any  flow. 


This  experiment  serves  to  compare  the  effects  of  comparatively 
harmless  saline  solution  with  that  of  pilocarpin.  About  the  same  amount 
of  sodium  chloride  in  the  same  strength  of  solution,  and  at  a  less  than 
normal  temperature,  was  here  injected  as  of  pilocarpin  in  the  first  part 
of  Exp.  V.  Yet  here  both  the  chorda  and  sympathetic  have  marked 
secretory  powers,  of  which  there  the  pilocarpin  deprived  them. 

It  will  be  seen  also  that  a  small  quantity  of  pilocarpin  after  the  salt 
injection  caused  a  secretion  leaving  chorda  and  sympathetic  still  effec- 
tive; but  that  a  larger  quantity  injected  into  the  gland  artery,  whilst 
still  causing  a  secretion,  made  the  nerves  ineffective;  that  a  further 
injection  of  pilocarpin  into  the  gland-duct  (cp.  p.  850)  diminished  the 
secretion,  and  that  the  secretion  was  entirely  stopped  by  a  sniall  amount 
of  atropin,  leaving  both  secretoiy  nerves  pailys  J^ 

Experiment  Vn. 

Cat ;  moderate  size. 

Chloroform  and  urari ;  artificial  respiration ;  dissection  as  in  Experiment  Y.,  except 
that  a  branch  of  suS-montal  artery  left  untied  so  that  on  injecting  pilocarpin  into  the 
lingual  artery  about  one  half  only  goes  through  the  gland  and  out  of  the  body ;  in  tlii8 
animal  there  was  a  second  small  gland  artery. 
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S.4Sp.n).  Inject  2-6  co.  of  4  p.o.  BoIntioD  ol  pilocupiu  i»to  lingoal  tiitay  daring 
llnuD.,  miclamp  aarotid,  let  blood  (rom  gland  vein  nm  oat  of  bo^  tar  Imia.,  blood-flow 
npid ;  tlieu  let  Uood  run  to  heart.     Beoretlon  beginH  tX  firat  slowly,  then  mora  npidly. 
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The  above  illustrates  the  effects  of  a  smaller  quantity  of  pilocarpiu 
sent  through  the  gland,  and  abo  the  recovery  of  the  nerve  effects;  the 
sympathetic  diminishing  effect  is  strongly  marked  when  first  tried,  after 
some  time  the  chorda  produces  a  slight  variable  increase,  then  the 
sympathetic  produces  a  marked  increase  with  its  usual  after  decrease, 
there  only  remains  then  for  the  chorda  to  recover  its  marked  secretory 
effect  The  recovery  is  retarded  here  by  the  amount  of  pilocarpin  in 
the  general  circulation. 


On  the  Mutual  Actitm  of  Atropin  and  Pilocarpin. 
In  the  dog  I  have  shown  {op.  dt.)  that  after  a  dose  of  atropin  suffi- 
cient to  paralyse  the  chorda  tympani,  the  gland  can  be  made  to  secrete 
and  the  chorda  be  once  more  made  irritable  by  pilocarpin. 

Xawrock  i*,  in  an  account  of  some  experiments  on  pilocarpin,  states 
•  CenlTttlb.  f.  d.  Mtd.  Win.  No.  6.    PeK  9,  1879- 
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that  he  has  never  succeeded  in  doing  this.  Mar  me*  also  considers  that 
after  atropin  has  stopped  the  pilocarpin-secretion,  further  doses  of  pilo- 
carpin  are  unable  to  overcome  the  effect  of  the  atropin. 

In  the  absence  of  details  of  experiment  I  should  imagine  that  the 
failure  of  the  above  observers  to  obtain  pilocarpin  effects  after  atropin 
was  due  to  a  defective  method,  such  as  injecting  the  pilocarpin  into  the 
general  circulation;  in  this  case  the  heart  is  often  more  readily  affected 
than  the  glandular  structures,  and  death  ensues  before  sufficient  of  the 
alkaloid  is  given  to  overcome  the  atropin  effects  and  cause  a  secretion. 
This  is  not  always  so,  but  Nawrocki  possibly  had  the  ill-luck  to  work 
with  two  or  three  such  in  succession. 

As  far  as  my  experience  goes,  however,  the  result  is  never  doubtful 
when  the  pilocarpin  is  injected  into  the  gland  artery  in  the  manner 
given  above,  p.  350,  and  the  atropin  into  say  the  crural  artery;  but  the 
preliminary  dissection  for  such  an  experiment  is  somewhat  long  and 
tedious,  hence  I  was  led  to  try  in  addition  the  injection  of  pilocarpin 
into  the  gland  duct.  In  the  dog,  the  method  was  strongly  discounte- 
nanced by  Heidenhain;  and  rightly  enough  for  the  quantity  he  was 
apparently  contemplating,  but  I  find  that  if  a  jsmall  quantity  only,  as 
about  ^i^cc.  of  a  4p.c.  solution,  be  injected  into  the  duct  at  a  time,  the 
gland  suffers  little  or  no  injury,  and  the  mutually  antagonistic  effects  of 
atropin  and  pilocarpin  can  be  readily  seen. 

Suppose  then  2 — 4  mgms.  of  atropin  be  injected  into  the  crural 
artery  or  vein  of  a  cat,  so  that  the  chorda  is  completely  paralysed,  and 
that  then  -j^cc.  of  a  4  p.  c.  solution  of  pilocarpin  be  injected  into  the 
duct,  and  prevented  from  flowing  back  for  30  to  60  sees.:  on  relaxing 
the  pressure  at  the  end  of  that  time  the  fluid  will  rise  in  the  cannula 
and  a  somewhat  viscid  secretion  will  be  obtained  of  three,  four,  or  more 
twelfths  of  a  cubic  centimetre:  stimulation  of  the  chorda  will  give  an 
increase  of  the  secretion;  the  secretion  becomes  slower  and  in  a  few 
minutes  stops,  but  stimiQation  of  the  chorda  will  still  for  a  short  time 
produce  a  slight  flow;  it  then  ceases  to  cause  any,  becoming  once 
more  paralysed  by  atropin.  A  fresh  injection  of  pilocarpin  will  cause  a 
fresh  secretion  and  renewed  irritability  of  the  chorda,  this  is  again  over- 
come by  the  atropin  in  the  blood,  and  so  on.  The  mutual  antagonistic 
action  can  thus  be  seen  not  once  or  twice  only,  but  an  almost  indefinite 
number  of  times.  It  may  happen  that  the  first  injection  of  pilocarpin 
will  produce  little  or  no  flow,  in  which  case  a  second  injection  of  -^  cc. 
should  be  made  after  an  interval  of  30  to  60  sees. 

•  Abstract  Centralb.f,  d.  Med.  Wiss.  No.  26,  Jun.  22,  1878. 
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In  Fart  I.  p.  98,  it  was  shown  that  in  the  cat  atropin  paralysed 
the  sympathetic  as  well  as  the  chorda.  Pilocarpin  restores  irritability 
to  the  chorda,  can  it  also  restore  irritability  to  the  sympathetic? 
By  the  method  given  above  there  is  no  diflSculty  in  showing  that 
it  is  able  to  do  so*.  About  30  mgs.  of  atropin  are  usually  re- 
quired to  paralyse  the  sympathetic;  as  pilocarpin  is  injected  into  the 
duct  the  first  efifect  is  that  the  sympathetic  gives  a  slight  secretion 
on  stimulation  ;  on  further  injection  a  secretion  slowly  begins,  this 
is  increased  by  stimulating  the  sympathetic  but  not'  by  stimulating  the 
chorda;  if  no  more  pilocarpin  be  given  the  secretion  soon  ceases,  the 
sympathetic  remainiug  irritable  a  little  later;  then  complete  atropin 
paralysis  occurs  again;  if  more  pilocarpin  be  given,  the  secretion  be- 
comes more  copious  and  the  chorda  becomes  slightly  irritable;  the  greater 
the  amount  of  atropin  given  the  less  easy  is  the  chorda  irritability  to 
obtain,  although  a  pilocarpin-secretion  can  be  obtained  without  much 
diflSculty.  The  change  from  paralysis  to  irritability  can  be  repeated 
with  the  sympathetic  as  with  the  chorda  an  almost  indefinite  number  of 
times. 


EXPEBIMBNT  Yin. 

Large  cat. 

Chloroform  and  morphia  gfyen ;  cammla  in  duot ;  chorda  iympani  and  sympathetio  in 
neck  ligatured  and  cat. 

10.43  p.m.    Inject  into  omral  vein  1  cc.  of  0*5  p.c  atropin  snlphate ;  chorda  stimulated 
for  36  sees.,  sec.  coil  at  12  (shocks  fairly  strong  to  tip  of  tongue).     No  secretion. 
Chorda  stimulated  for  42  sees.,  sec.  coU  10.    No  secretion. 
Chorda  stimulated  for  86  sees.,  sec.  coil  9.    No  secretion. 
Sympathetio  gives  a  ready  secretion,  sec.  coil.  11. 
11.    Fill  cannula  (11*5  oannulie  =  1  cc )  with  pilocarpin  4  p.c  at  about  85*G.     Inject 
pilocarpin  into  gland  by  pinching  a  piece  of  india-rabb«r  tubing  connected  with  cannula  ; 
keep  up  pressure  for  a  few  seconds ;  on  relaxing  pressure  fluid  runs  back  to  about  \  of 
cannula ;  then  more  slowly  secretion  continues ;  when  cannula  full  empty  by  means  of 
glass  tube  finely  drawn  out.    Flow  continues  for  six  cannulie. 

11.7.  Secretion  nearly  stopped;  chorda  stimulated  for  48^;  sec  coil  11;  flow  con- 
tinues slowly,  stopping  at  end  of  stimulation. 

11 .8.  Chorda  stimulated  for  12^' ;  very  slight  secretion  after  interral  of  20" ;  chorda 
stimulated  for  24"  gives  no  secretion. 

11.9.30.     Sympathetic  readily  gives  a  secretion. 
11.13.    Inject  cannula  pilocarpin ;  rather  plentiful  secretion. 

11.17.  Secretion  continues  slowly;  fills  cannula  in  57";  f^\TiT|^lft  emptied;  chorda 
stimulated,  sec.  coil  11 ;  cannula  fills  in  44". 

11.27.  Chorda  gives  no  secretion. 

11.28.  Sympathetic  readily  gives  secretion. 

*  A  recovery  of  secretory  effect  of  the  sympathetic  can  also  be  seen  without  di£Bioalty 
by  injecting  both  alkaloids  into  a  vein.  If  e.g.  20  mgs.  of  atropin  are  injected  so  that  stimu- 
lation  of  the  sympathetic  gives  but  a  slight  secretion  with  the  secondary  coil  at  say  4, 
injection  of  pilocarpin  into  the  crural  artery  or  vein  enables  the  sympathetic  to  give  a 
secretion  when  the  sec.  coil  is  at  5,  7,  10,  and  so  on.  This  occurs  without  any  spontaneous 
secretion,  and  with  the  chorda  still  paralysed. 

PH.     I.  25 
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11.29.  iDJect  cannula  o!  1  p.o.  atropin  into  duct. 

11.30.  Sympathetio  stimulated  48";  seo.  coll  11 ;  no  secretion. 
11.36.    Inject  cannula  pilocarpin  4  p.o.  into  duct. 

11.38.    Inject  cannula  pilocarpin. 

11.45.    Inject  cannula  pilocarpin. 

11.47.    Inject  cannula  pilocarpin.    No  secretion. 

11.49.    Sympathetic  stimulated  SO'' ;  sec.  coil  11 ;  secretion  \  cannula. 
Chorda  gives  no  secretion  in  30". 

12.0.    Inject  cannula  pilocarpin ;  secretion  2  cannulas. 

12.3.    Chorda  stimulated  48" ;  sec.  coil  11 ;  no  secretion. 

12.6.    Sympathetic  stimulated  24" ;  sec.  coil  11 ;  no  secretion. 

12.8.    Inject  cannula  pilocarpin ;  rapid  secretion. 

12.10.     Cannula  filled  in  52" ;  emptied  and  chorda  stimulated ;  cannula  filled  in  47" ; 
at  end  of  stimulation  secretion  stops ;  chorda  gives  a  slight  secretion. 

12.13.    Inject  cannula  pilocarpin ;  keep  in  gland  lor  a  short  time.     Bapid,  compara- 
tively copious  and  rather  more  viscid  secretion,  slightly  increased  by  stimulating  chorda. 

1.0.    Chorda  gives  no  secretion ;  the  sympathetic  does. 


Expehimbnt  IX. 

Cat ;  moderate  size. 

Morphia  and  curari  given.    Arrangements  as  in  previous  experiment. 
2.20  p.m.    Inject  into 'crural  vein  centrally  2  cc.  of  1  p.o.  solution  of  atropin  sulphate. 
3.0.      Chorda  stimulated ;  sec.  coil  at  11 ;  no  secretion. 
Sympathetic  stimulated ;  a  slight  secretion. 
Injected  1  cc.  1  p.c.  atropin  sulphate  into  crural  vein. 
3.5.     Sympathetic  stimulated  for  60  sees. ;  sec.  coil  at  11 ;  no  secretion. 

Inject  cannula  of  4  p.c.  pilocarpin  at  about  38^C.  into  duct ;  secretion  of  nearly  3 
cannulas. 

3.9.  Slow  secretion,  increased  by  stimulating  sympathetic;  stimulation  of  chorda 
produces  no  effect. 

3.15.30.    Secretion  stopi)ed. 

8.18.     Sympathetic  gives  slight  secretion. 

3.20.    Inject  1  cc.  1  p.c.  atropin  into  vein. 

8.25.     Sympathetic  stimulated  60" ;  sec.  coiL  10 ;  no  secretion. 

3.27.  Bepeat ;  no  secretion. 

8.28.  Inject  into  duct  as  before  cannula  of  pilocarpin  4  p.c  ;  slow  secretion ;  increased 
by  stimulating  sympathetic. 

8.35.  Sympathetic  very  slightly  quickens  the  almost  stopped  secretion. 

8.40.  Inject  cannula  pilocarpin ;  secretion  follows. 

8.43.  Sympathetio  increases  secretion. 

8.46.  Secretion  stopped. 

8.47.  Stimulated  sympathetic  40 sees. ;  sec.  coll.  11 ;  slight  secretion. 

8.48.  Bepeat ;  sec.  ooU.  10 ;  very  slight  secretion. 

8.49.  Bepeat;  sec.  ooil  34;  no  secretion. 
8.52.  Bepeat ;  sec.  coU  10 ;  no  secretion. 

8.55.    Inject  1  cannula  pilocarpin ;  at  once  secretion. 
8.57.     S€<sretion  stopped. 

Inject  1  cannula  pilocarpin ;  secretion. 
8.59.    Sympathetic  gives  a  marked  increase. 

4.0.    Inject  1  canniila  pilocarpin ;  secretion  increased  by  stimulating  the  sympathetio. 
4.4.    Inject  1  cannula  pilocarpin  ;  secretion. 
4.8.    Chorda  produces  no  secretion ;  sympathetic  the  merest  trace. 

4.10.  Inject  1  cannula  pilocarpin ;  secretion. 

After  each  of  the  above  mjections  of  pilocarpin  the  amount  of  flow  lay  between  2  and 
8}  cennulaB. 

Besides  the  points  brought  out  in  the  experiments  just  given,  there 
are  some  others  worth  attention  in  considering  the  relative  action  of 
the  two  poisons. 


ANTAGONISM  OF  ATROPIN  AND  PILOCARPIN.  359 

Pilocarpin,  we  have  seen,  reduces  the  secretory  activity  of  the  sym- 
pathetic ;  a  small  quantity  of  atropin,  2  to  4  mgs.,  which  normally 
affects  but  slightly  the  sympathetic,  will  stop  the  pilocarpin  secretion 
and  paralyse  the  chorda;  under  such  circumstances,  how  will  the 
sympathetic  be  affected,  will  its  secretory  effect  be  restored  towards 
normal,  or  still  further  diminished  ? 

In  Exp.  I.  an  instance  is  offered  of  the  effect  of  atropin  scarcely 
suflScient  in  amount  (2  mgs.)  to  stop  the  pilocarpin  secretion ;  the  sym- 
pathetic had  been  comparatively  slightly  reduced  in  activity ;  we  see 
that  the  atropin  affects  its  condition  little,  if  at  all ;  the  variations  that 
occur  were  probably  due  to  my  not  having  taken  sufficient  care  to  place 
exactly  the  same  part  of  the  nerve  upon  the  electrodes.  Other  experi- 
ments I  have  made  show  clearly  enough  that  when  the  Sjrmpathetic 
secretory  effect  has  been  but  moderately  reduced  by  pilocarpin,  an 
amount  of  atropin  just  sufficient  to  paralyse  the  chorda  does  not  restore 
the  sympathetic  to  its  original  state,  but  leaves  it  hardly  appreciably 
affected.  But  as  the  diminution  of  sympathetic  effect  from  pilocarpin 
becomes  greater,  so  does  atropin  begin  to  affect  it  also,  it  diminishes  it 
still  further ;  and  in  nearly  all  cases  where  the  sympathetic  has  ceased 
on  stimulation  to  produce  any  increase  in  the  pilocarpin  secretion, 
atropin  in  stopping  the  secretion  leaves  the  sympathetic  as  well  as  the 
chorda  in  a  state  of  paralysis ;  thus  in  Exp.  IV.  after  the  injection  of  4 
mgs.  of  atropin  the  sympathetic  is  quite  ineffective  to  produce  a  flow  of 
saliva.  After  finding  that  with  small  pilocarpin  doses  2  or  3  mgs.  of 
atropin  did  not  appreciably  affbct  the  sympathetic,  I  had  not  expected 
to  find  that  it  would  do  so  more  and  more  as  the  dose  of  pilocarpin 
and  consequent  secretion  became  greater  and  greater.  The  result  sug- 
gested that  after  continued  functional  activity  of  the  gland  the  atropin 
paralysis  of  the  nerves  was  brought  about  with  a  less  dose ;  and  this 
is  indeed  the  case.  The  greater  the  pUocarpin  secretion  the  smaller 
the  amount  of  atropin  required  to  prevent  stimulation  of  the  sympa- 
thetic* from  causing  any  secretion.  Moreover  this  is  at  any  rate  not 
altogether  a  direct  effect  of  the  pilocarpin,  but  of  the  functional  activity 
of  the  gland. 

For  if  in  a  cat  on  one  side  the  sympathetic  be  stimulated  with  a 
weak  current  so  as  not  to  injure  the  nerve  until  2  to  3  ca  of  saliva  be 
obtained,  or  if  the  chorda  be  stimulated  until  say  10  cc.  of  saliva  be 
obtained,  and  then  10  to  20  mgs.  of  atropin  be  injected  into  a  vein,  the 

*  I  would  recall  that  except  when  otherwise  meutioned,  bj  sympathetic  is  meant  the 
sympathetic  trunk  in  the  neck. 
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sympathetic  on  the  stimulated  side  will  be  paralysed,  whilst  perhaps 
25  to  30  mgs.  must  be  given  to  paralyse  the  sympathetic  on  the  non- 
stimulated  side. 

In  the  dog  the  same  thing  occurs,  though  much  less  markedly ; 
the  chorda,  in  an  experiment  of  one  side,  was  stimulated  with  weak 
shocks  at  short  intervals  for  seven  hours,  during  which  202*5  cc.  of 
saliva  were  obtained.  At  the  end  of  that  time  the  chorda  still  gave  a 
fair  secretion,  viz.  10  cc.  in  thirty  minutes,  but  the  injection  of  5  mgs. 
of  atropin  into  the  crural  vein  completely  paralysed  the  chorda ;  20 
mgs.  of  atropin  distinctly  lowered  the  effect  of  the  sympathetic,  and  a 
further  dose  of  35  mgs.  again  still  more.  I  have  nearer  seen  in  a  dog 
normally  the  chorda  paralysed  by  so  small  an  amount  as  5  mgs.,  nor  the 
sympathetic  markedly  affected  by  55  mgs.  of  atropin  injected  into  a 
vein. 

By  stimulating  then  either  chorda  or  sympathetic  and 
causing  a  secretion,  the  atropin  paralysis  of  these  nerves,  but 
especially  of  the  sympathetic,  is  more  readily  brought  about; 
the  fact  that  atropin  paralysis  of  the  sympathetic  is  more  readily 
effected  after  prolonged  pilocarpin  secretion  is  partly  to  be  referred  to 
this  cause.  But  after  pilocarpin  a  somewhat  larger  quantity  of  atropin 
is  required  to  stop  the  secretion  and  paralyse  the  chorda  than  is 
normally  the  case.  There  are  two  factors  then  to  be  considered  in 
the  paralysis:  the  amount  of  pilocarpin — this  causes  the  atropin  to 
produce  its  effects  less  readily — and  the  amount  of  saliva  secreted, 
which  enables  the  atropin  to  produce  its  effects  more  readily.  Now 
atropin  is  a  much  more  powerful  agent  than  pilocarpin,  and  the  amount 
of  it  required  to  produce  paralysis  varies  only  within  narrow  limits; 
but  yet  in  agreement  with  what  I  have  just  said  it  appears  to  me 
that  a  rather  less  amount  of  atropin  is  required  after  pilocarpin  has 
acted  some  time  than  if  injected  soon  after,  or  simultaneously  with  it. 

In  Pt.  L  I  gave  roughly  the  quantity  of  atropin  required  to  paralyse 
the  chorda ;  it  has  not  been  of  sufficient  interest  to  me  to  determine 
accurately  the  minimum  amount,  but  from  experiments  in  which  it  has 
been  necessary  to  give  small  doses  of  atropin  I  find  my  previous 
estimate  was  somewhat  too  high ;  in  one  experiment  2*5  mgs.,  and  in 
another,  on  a  young  small  cat,  15  mg.  atropin  was  sufficient  to  paralyse 
the  chorda;  the  minimum  may  be  rather  the  lower  than  the  higher 
limit,  for  Provost  (op.  cit.)  in  most  of  his  experiments  states  that 
1  mg.  is  sufficient. 

In  Exp.  II.,  on  a  small  animal,  after  a  small  quantity  of  pilocArpiu 
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and  a  moderate  amount  of  secretion,  2  mgs.  of  atropin  very  tardily 
stopped  the  secretion  and  paralysed  the  chorda. 

In  Exp.  X.,  also  on  a  small  young  animal,  2'2  cc.  atropin,  which  would 
alone  I  think  certainly  have  paralysed  the  chorda,  being  injected 
with  50  mgs.  of  pilocarpin,  left  the  chorda  irritable. 

In  Exp.  IV.,  on  a  fair-sized  cat,  after  100  mgs,  of  pilocarpin  and 
some  considerable  secretion,  4  mgs.  atropin  allowed  for  several  minutes 
a  scanty  secretion  to  drag  on. 

To  return  somewhat :  we  have  seen  that  the  diminution  of  sym- 
pathetic effect  produced  by  pilocarpin  is  unaffected  by  a  small  dose  of 
atropin  unless  some  amount  of  secretion  has  taken  place,  and  that  then 
the  parts  whatever  they  may  be  which  atropin  attacks,  nerve  endings 
or  gland  cells,  are  more  readily  attacked  by  atropin,  and  an  atropin 
paralysis  adds  itself  to  the  pilocarpin  diminution  of  sympathetic 
secretory  effect. 

But  although  pilocarpin  in  comparatively  small  quantity  when 
producing  a  secretion  tends  to  paralyse  the  sympathetic,  yet  it  but 
slightly  affects  it  if  a  small  amount  of  atropin  be  given  previously  or  at 
the  same  time. 


ExPXBIMBNT  X. 

SmaU,  thin  cai  Chloroform  given.  Dissection  and  arrangements  as  in  Experim  mt 
I.  Chorda  stimulated  for  32" ;  seo.  coil  at  10 ;  gives  a  saliva  rise  of  18  mm.,  with  an 
after-flow  of  20  mm. ;  the  sympathetic  similarly  stimnlated  gives  a  rise  of  88  mm.,  with  an 
after-flow  of  23  mm. 

4.43.  Inject  into  cmral  artery  peripheraUy  an  aqueous  solution  of  50  mgs.  pilooftrpin 
and  2*2  mgs.  atropin.    Saliva  rises  slowly  from  90  mm.  to  113  mm. 


Time. 

Nenre  ttimobiied. 

Poiltion  of  top  of  colamn 

of  saUTain 

millimetre  acale. 

Bite  in  mm. 
daring 

Time 
of 

Pocitlonor 
■econdagy 

€OlL 

4.45 
4.47 

Sympathetic 
Chorda 

113  to  133 
139  to  141 

23 
2 

24 
32 

6 
6 

Chorda 

141  to  142 

1 

82 

10 

Sympathetic 

143  to  170 
Continues  to  183 

27 

24 

10 

4.52 
5.2 

Chorda 

184i  to  185 
192 

i 

82 

5 

5.9 

Chorda 

7  to  9 

2 

72 

8 

5.12 

22 

5.15 

Chorda 

25  to  26 

1 

48 

8 

Sympathetic 

26  to  54 

28 

24 

8 

Sympathetic  still  gives  a  secretion  after  injecting  20  mgs.  more  atropin. 

Here  by  the  injection  of  50  mgs.  of  pilocarpin  together  with  2*2  mgs. 
of  atropin  the  amount  of  saliva  produced  during  the  stimulation  of  tLe 
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sympathetic  is  very  slightly  reduced ;  it  may  however  be  noticed  that 
there  is  scarcely  any  after-flow  in  the  latter  case,  whilst  there  was  con- 
siderable in  the  former.  How  much  of  the  diminution  that  does  take 
place  is  due  to  the  pilocarpin  and  how  much  to  the  atropin  I  have  not 
attempted  carefully  to  determine;  but  it  appears  to  me  that  after 
enough  atropin  has  been  given  to  paralyse  the  chorda,  pilocarpin  does 
cause  a  slight  diminution  in  sympathetic  eflfect.  Some  part  of  the  dif- 
ference seen  in  the  sympathetic,  according  as  atropin  or  pilocarpin  is 
given  first,  may  perhaps  be  referred  to  the  fact  stated  above,  that  func- 
tional activity  of  the  gland  rendered  the  sympathetic  more  easily  para- 
lysed by  atropin. 

Some  general  considerations  derived  from  the  foregoing, 

1.  Pilocarpin,  in  proportion  to  the  quantity  given,  paralyses 
both  the  chorda  and  sympathetic  secretory  fibres. 

Whilst  pointing  out  that  the  fsuit  of  stimulation  of  the  chorda  lower- 
ing the  amount  of  atropin  required  to  paralyse  the  sympathetic  is  in 
favour  of  a  direct  action  of  the  poison  on  the  gland  cells,  I  would  for 
the  present  leave  open  the  question  whether  pilocarpin  causes  the  dimi- 
nution of  secretory  power  by  diminishing  the  conductivity  of  the  nerve 
endings  or  by  reducing  the  irritability  of  the  gland  cells ;  chiefly  since 
it  would  involve  a  discussion  of  the  recent  striking  results  of  Heiden- 
hain*  on  trophic  nerves,  a  discussion  here  out  of  place.  In  talking  of  the 
paralysis  of  the  chorda  and  sympathetic  I  am  but  using  for  convenience 
accepted  phraseology,  and  do  not  at  all  mean  that  the  point  of  attack  of 
the  alkaloids  is  in  the  nerve  ending,  rather  than  the  gland  cells.  This 
lack  of  definiteness  will  not  prevent  us  from  coming  to  a  definite  con- 
clusion as  to  whether  the  mutual  antagonism  of  the  two  alkaloids  is 
perfect  or  imperfect,  since  that  is  based  on  the  presence  or  absence 
of  a  secretion,  and  on  the  presence  or  absence  in  the  nerves  of  a 
capability  to  produce  a  secretion,  and  these  points  remain  the  same  on 
either  view. 

It  is  quite  in  accordance  with  usage  to  apply  the  term  paralysis  to 
the  entire  loss  of  secretory  power  in  the  chorda  and  sympathetic  which 
occur  when  pilocarpin  is  injected  into  the  gland  artery,  and  this  being 
so  there  need  I  think  be  little  hesitation  in  applying  it  in  all  cases 
where  pilocarpin  causes  a  diminution  in  secretory  effect,  the  nerves 
being  then  partially  paralysed,  since  it  is  very  hard  to  imagine  how  an 

*  PflUger'B  Archiv,  Bd.  xvii.  p.  1,  1878. 
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alkaloid  can  produce  paralysis  in  a  large  dose,  and  not  produce  paralysis 
of  less  or  greater  degree  in  a  small  one.  The  difficulty  in  such  a  case  as 
those  of  Exp.  I.  and  II.  is,  that  there  certain  evident  causes  are  already 
at  work  to  reduce  the  amount  of  saliva  capable  of  being  produced  by 
nerve  stimulation.  The  gland  has  been  secreting  saliva^  so  that  the 
nerves  act  on  a  partially  exhausted  gland ;  moreover,  the  nerve 
stimulation  probably  only  adds  itself  to  the  existing  pilocarpin  stimula- 
tion, and  we  know  that  as  the  strength  of  electrical  stimuli  increase,  the 
amount  of  salivary  flow  does  not  increase  in  like  ratio.  In  some  cases 
too  it  is  but  a  question  of  a  weak  electrical  stimulation  added  to  a  mo- 
derately strong  chemical  one. 

To  one  or  more  of  these  causes  I  am  inclined  to  refer  a  good  deal  of 
the  diminution  of  effect  observed,  especially  in  some  cases,  as  in  the  be- 
ginning of  Exp.  II. ;  but,  as  regards  the  chorda  tympani,  the  following 
experiment  will,  I  think,  combined  with  what  has  gone  before,  show 
that,  in  addition  to  these  causes,  there  is  another,  viz.,  the  paralysing 
effect  of  the  pilocarpin. 


Experiment  XI.    Chloroform  and  morphia  given. 


Right  side. 

Cannula  placed  in  dnct  and  connected  with 
tube  graduated  in  millimetres ;  tympanic-lingual 
nerve  ligatured  and  cut;  chorda  isolated  for  a 
short  distance. 


Time. 


11.59. 

12.3. 

12.5. 


12.9. 
12.15. 

12.17.30 

12.19. 
12.26. 

12.28. 
12.30. 

The 
indicate 


Nerve 
■timalated. 


Chorda 
Chorda 
Chorda 


Time  in 

Position 

gecondfl 

of 

of 

index  of 

stimula- 

secondary 

tion. 

coiL 

30 

12 

30 

12 

30 

10 

Flow  of 
saliva 
measnred 
in  milli- 
metres. 


112-1-4 
116 -H  6 
122  +  24 


Stimulate  chorda  at  short  intervals; 
total  amount  of  saliva  obtained  = 
2-5  cc. 

Chorda        |      30      |      12      |    112-1- ? 

Stimulate  chorda  at  short  intervals; 
total  amount  of  saliva  obtained— 4  cc. 


Chorda 
Chorda 


30 
30 


12 
12 


97-f-3 
96 -H 


+  4,    +6,  etc.,  in  the  right-hand  column 
the  amount  of  flow  after  the  stimulation. 


Left  tide. 

Dissect  cut  chorda  and  duct,  and  arrange  as  on 
right  side. 


Time. 

Nerve 
stimulated. 

Time  in 
seconds 

of 

stimola-* 

tion. 

Position 

of 

index  of 

secondary 

coa 

Flow  of 
saliva 
measured 
in  milli- 
metres 

12.61. 
12.53. 

Chorda 
Chorda 

so 

30 

12 
'  12 

107  +  19 
105 +  ? 

1.0. 
1.20. 


1.23. 


1.27.30. 


1.32. 


Inject  pilocarpin  suboutaneously. 

Flow  of  saliva  begins — collect  it. 

The  flow  of  saliva  from  pilocarpin  daring 

successive  30  sees,  is  29,  26,  28. 
Total  amount  of  saliva  obtained =3*600. 


30 

80 

Chorda 

30 

12 

86 

30 

40 

30 

40 

Chorda 

30 

12 

44 

30 

40 

Chorda 

80 

12 

43 

30 

40 

80 

88 

Total  amount  of  saliva  obtained  =3  4-6  oo. 


Chorda 
Chorda 


80 

80 

12 

30 

30 

12. 

80 

35 
38 
89 
41 
41 
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Here  when  4  cc.  of  saliva  have  been  obtained  from  the  gland  on  the 
right  side  in  about  20  min.  the  effect  of  stimulating  the  chorda  for 
30  sec.  with  secondary  coil  at  12  is  only  reduced  from  116  +  6  mm.  to 
97  +  3  mm.,  whilst  when  rather  less  than  4  cc.  of  saliva  have  been  ob- 
tained from  the  gland  on  the  left  side  by  pilocarpin  in  23  min.  the 
eflfect  of  stimulating  the  sympathetic  for  30  sec.  with  secondary  coil  at 
12  is  reduced  from  105  mm.  to  something  considerably  less  than  40 ;  it 
raises  the  pilocarpin  secretion  only  from  36  to  40,  from  40  to  44,  &c. 

Experiments  similar  to  the  above,  conducted  to  test  the  sympathetic, 
give  quite  analogous  results ;  in  Exp.  III.  it  was  seen  that  the  sympa- 
thetic somewhat  early  ceased  to  cause  any  increase  in  the  secretion ; 
during  the  whole  of  this  experiment  11  to  12  cc.  of  saliva  were  secreted 
by  the  gland;  in  an  experiment  made  to  test  the  eflfect  of  previous 
secretion  on  the  sympathetic,  it  was  found  that  after  12  cc.  of  saliva  had 
been  obtained  by  chorda  stimulation*,  the  sympathetic  had  suflfered  but 
a  moderate  diminution  in  efiTect. 

Beside  the  causes  mentioned  above,  there  is  one  other  which  may 
tend  to  lower  the  eflfect  of  nerve  stimulation,  viz.,  that  the  chemical  sti- 
mulation causing  secretion  is  continuous ;  but  the  mere  fact  that  it  is 
continuous  shows  that  the  stimulation  cannot  have  the  same  exhausting 
eflfect  as  a  prolonged  electrical  stimulus  has. 

2.  The  diminution  of  the  pilocarpin  secretion  caused  by 
stimulating  the  sympathetic  is  a  direct  effect  of  the  dimin- 
ished blood  supply,  and  not  of  nerve  fibres  inhibitory  to  the 
secretion. 

In  most  of  the  experiments  given  above,  a  diminution  of  the  pilo- 
carpin secretion,  after  a  longer  or  shorter  interval,  is  a  marked  feature 
of  sympathetic  stimulation.  With  a  quite  small  dose  of  pilocarpin,  the 
preliminary  increase  of  secretion  resulting  from  sympathetic  stimulation 
is  followed  by  a  more  or  less  marked  decrease.  To  the  instances  of  this 
decrease  given  above,  I  would  add  the  following  from  the  record  of  an 
experiment  on  a  cat  to  which  a  small  dose  of  pilocarpin  had  been  given. 
The  numbers  represent  the  time  in  seconds  taken  by  each  successive 

*  The  loss  of  Bubsianoe  from  the  gland  cells  may  be  considered  as  almost  identical 
with  that  which  wonld  have  occnrred  had  the  same  amoimt  of  saliva  been  obtained  by 
injecting  pUocarpin ;  for  the  pilocarpin  secretion  both  in  the  dog  and  the  cat  is  almost, 
if  not  qoite,  identical  with  that  produced  by  chorda  stimulation.  The  yiscidity  varies 
considerably  with  the  amount  of  pilocarpin,  just  as  the  viscidity  varies  with  weak  and 
strong  chorda  stimulation.  So  in  a  cat  in  which  the  chorda  had  been  cut  for  three  days 
stimulation  of  the  sympathetic  produced  a  very  watery  secretion,  whilst  pilocarpin,  like 
stimulation  of  the  chorda-fibres  on  the  duct  close  to  the  gland,  produced  a  very  viscid  one. 
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drop  to  fall  from  a  cannula  tied  in  Wharton^s  duct,  those  underlined 
give  also  the  time  of  stimulation  of  the  sympathetic  with  induction 
shocks  easily  felt  at  the  tip  of  the  tongue. 

30,  30,  30,  35,  40,  15,  35,  50,  20,  40,  55,  20,  40,  70,  65,  63. 

So  too  when  the  dose  of  pilocarpin  has  been  such  that  stimulation 
of  the  sympathetic  gives  no  preliminary  increase,  long  or  strong  stimu- 
lation produces  a  marked  slowing,  as  in  the  following  extract  from  the 
record  of  an  experiment  on  a  cat.  The  numbers  have  the  same  mean- 
ing as  those  given  immediately  above. 

12,  12,  12,  12,  12,  12,  12,  16,  133,  53,  15,  14,  14,  10. 

Here  there  is  a  slowing  from  eleven  drops  in  132  seconds  to  one  drop 
during  an  equal  time  (cf.  also  Exp.  XL,  Records  5  and  6,  and  Exps.II.  IV.). 
Now  since  pilocarpin  produces  eflfects  so  very  like  those  of  electrical  sti- 
mulation of  the  chorda,  the  supposed  inhibitory  function  of  the  sympa- 
thetic to  the  chorda  secretion  might  be  called  in  to  explain  its  retarding 
eflfect  on  the  pilocarpin  secretion,  but  I  have  in  Part  I.  shown  that  in 
the  cat,  with  weak  currents  at  any  rate,  the  two  nerves  are  not  inhibi- 
tory to  one  another,  so  that  it  seems  to  me  preferable  to  try  to  explain 
the  action  of  the  sympathetic  by  a  reference  to  its  other  known  function 
as  a  vaso-constrictor,  to  introducing  an  inhibitory  set  of  fibres  amongst 
its  secretory.  And  this  can,  I  think,  bo  done  in  entire  conformity  to 
the  facts  we  know.  Heidenhain*  controlling  the  blood-flow  through 
the  sub-maxillary  gland  of  the  dog  by  clamping  more  or  less  completely 
the  carotid,  showed  that  the  quantity  of  saliva  resulting  from  chorda 
stimulation  was  considerably  diminished  by  a  diminution  of  blood  sup- 
ply to  the  moderate  extent  of  its  being  only  not  very  much  greater 
during  the  stimulation  than  normally.  The  point  at  which  the  diminu- 
tion of  saliva  takes  place  is  that  at  which  the  blood  ceases  to  flow  out  of 
the  vein  distinctly  reddened,  although  still  in  super-normal  quantity; 
lessening  of  blood  supply  below  this  caused  very  marked  lessening  of 
the  secretion,  and  injury  to  the  irritability  of  the  gland.  When  the 
sympathetic  is  stimulated,  in  such  circumstances  as  in  Exp.  I.  and  XL, 
the  blood  flowing  from  the  gland  vein  becomes  very  dark,  and  almost 
ceases,  hence  then  the  slowing  of  the  pilocarpin  secretion  on  stimu- 
lating the  sympathetic;  whether  there  is  or  is  not  a  preliminary  in- 
crease of  flow  of  saliva  depends  on  whether  the  secretory  fibres  are 
active  or  not. 

♦  Studien,  H£.  iv.  pp.  88—97. 
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3.  The  slight  increase  of  saliva  obtained  by  stimulating  the 
chorda  after  a  large  dose  of  pilocarpin  is  due  not  to  the  action 
of  its  secretory  but  of  its  vaso-dilator  fibres. 

In  Exps.  III.  and  IV.  we  see  that  at  a  time  when  the  sympathetic 
is  paralysed,  the  chorda  still  produces  a  slight  increase  in  the  flow  of 
saliva ;  since  with  a  small  dose  the  sympathetic  is  less  affected  than  the 
chorda  it  seems  improbable  that  the  sympathetic  should  be  paralysed 
first  Have  the  secretory  fibres  of  the  chorda  really  an  effect,  or  will  the 
action  of  its  vaso-dilator  fibres  suffice  to  explain  the  slight  increase  of 
saliva  observed  on  chorda  stimulation  ?  Here  I  must  briefly  mention 
the  effect  pilocarpin  has  on  the  blood-flow  of  the  gland. 

The  effect  of  a  small  dose  is  to  increase  very  considerably  the  flow 
of  blood*,  causing  it  to  issue  from  the  gland  vein  in  a  full  red  stream; 
after  further  larger  doses  however  have  been  given  the  amount  of  blood 
flowing  from  the  vein  becomes  less  than  normal,  and  less  and  less  of  a 
red  colour ;  as  this  change  is  going  on,  stimulation  of  the  chorda  pro- 
duces less  and  less  effect  on  the  blood-flow,  so  that  it  still  causes  an 
increase  of  flow  from  the  vein,  but  the  issuing  blood  is  only  somewhat 
redder  and  not  arterial  in  colour;  this  then  is  the  condition  in  such 
cases  as  those  after  the  larger  doses  of  Exps.  III.  and  IV. 

Recall  now  the  condition  mentioned  above,  as  obtained  by  Heiden- 
hain  by  compressing  the  carotid  there:  lessening  the  blood-flow  through 
the  gland  so  that  the  outgoing  blood  became  less  red  caused  a  lessening 
of  saliva,  whence  it  follows  I  think  that  in  the  latter  condition  any 
increase  in  the  blood-flow  through  the  gland  so  that  the  outgoing 
blood  becomes  redder  must  cause  an  increase  in  the  flow  of  saliva.  Now 
in  the  stage  of  pilocarpin  action  which  we  are  considering  the  blood-flow 
is  normal :  the  chorda  causes  a  slight  increase  in  it,  so  that  according 
to  what  has  just  been  said  the  continuing  secretion  must  be  quickened 
simply  by  reason  of  the  quickened  blood-flow  with  its  larger  supply  of 
oxygen.  It  is  clear  that  the  vaso-dilator  fibres  do  not  cause  an  increase 
in  the  flow  of  saliva  until  the  blood  issuing  from  the  gland  has  ceased 
to  be  distinctly  red,  i.e.  until  the  stimulating  effect  of  the  pilocarpin 
upon  the  vaso-dilator  fibres  has  either  passed  off  or  given  place  to  a 
stimulating  effect  of  a  different  nature ;  still  it  is  hard  in  an  experi- 
ment to  fix  the  exact  time  at  which  the  secretory  fibres  cease  to  cause 
an  increase  in  the  secretion  or  the  exact  time  at  which  the  vaso- 
dilators begin  to  cause  one. 

*  C£.  Jour.  Anat.  andPhysiol.  1876,  loc.  ctf.,  and  also  Schwahn,  Eokhard's  ^eifra/^c, 
Bd.  yra.  Hf.  i.  p.  53,  1877. 
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Limits  of  tlie  Mutual  Antagonism  of  Atropin  and  Pilocarpin. 

From  what  has  gone  before  it  is  I  think  clear  that  if  either  atropin 
or  pilocarpin  is  present  in  the  blood  of  the  sub-maxillary  gland^  then 
either  pilocarpin  or  atropin  respectively  is  able  in  suflScient  quantity  to 
produce  the  effects  it  produces  when  present  alone  in  certain  other 
quantity. 

The  greater  the  quantity  of  atropin  the  greater  is  this  certain  other 
quantity  of  pilocarpin ;  when  a  large  quantity  of  pilocarpin  overcomes 
the  correspondingly  large  quantity  of  atropin  it  restores  the  effect  of 
the  secretory  fibres  less,  and  causes  less  secretion  than  when  a  smaller 
dose  of  pilocarpin  overcomes  a  still  paralysing  but  smaller  dose  of 
atropin. 

Until  some  definite  conclusion  as  to  the  point  of  action  of  the 
poisons  is  arrived  at  it  is  not  worth  while  to  theorise  much  on  their 
mode  of  action ;  but  we  may,  I  think,  without  much  rashness,  assume 
that  there  is  some  substance  or  substances  in  the  nerve  endings  or 
gland  cells  with  which  both  atropin  and  pilocarpin  are  capable  of  form- 
ing compounds.  On  this  assumption  then  the  atropin  or  pilocarpin 
compounds  are  formed  according  to  some  law  of  which  their  relative 
mass  and  chemical  affinity  for  the  substance  are  factors.  In  the  analo- 
gous case  with  inorganic  substances,  other  things  being  equal,  these 
are  the  sole  factors.  To  take  the  simplest  case,  if  a  and  b  are  both  able 
to  form,  with  y,  the  compounds  ay,  by  then  ay  and  by  are  both  formed, 
quantity  of  ay  and  by  depending  on  the  relative  masses  of  a  and  b 
present  and  their  relative  chemical  affinity  to  y.  But  suppose  2*5  mgs. 
of  atropin  and  30  mgs.  of  pilocarpin  to  be  injected  into  the  blood 
system,  and  no  secretion  results  from  the  injection,  then  it  seems  to  me 
there  can  be  no  pilocarpin  compounds  formed  at  all  Hence  it  would 
appear  that  a  certain  super-minimal  amount  of  pilocarpin  must  be 
present  in  order  to  enable  any  pilocarpin  compounds  to  be  formed. 

The  laws  then  derived  from  the  consideration  of  inorganic  substances 
as  to  the  influence  of  mass  and  chemical  affinity  on  the  formation  of 
compounds  require  some  modification  when  applied  to  the.  action  of 
substances  in  the  body ;  nevertheless  the  action  of  mass  is  clearly 
shown,  and  I  doubt  not  that  if  any  two  substances  act  on  one  tissue  in 
the  body  a  large  enough  quantity  of  the  one  will  overcome  the  effects 
of  the  other  and  bring  about  the  effects  proper  to  it,  when  given 
alone,  in  great  or  small  dose  as  the  case  may  be.     This  may  appear  an 
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aflSrmation  of  the  necessary  mutual  antagonism  of  every  two  substances 
which  act  on  one  tissue ;  but  the  justice  of  this  interpretation  depends 
upon  the  definition  of  mutual  antagonism*.  I  should  follow  those 
who  confine  the  term  to  cases  where  the  actions  of  one  poison  are 
annulled  and  an  opposite  physiological  state  produced. 

With  such  a  definition,  then,  how  far  are  atropin  and  pilocarpin 
mutually  antagonistic  on  the  sub-maxillary  gland  ?  There  are  two 
points  here  to  be  regarded,  the  state  of  the  gland  with  regard  to  secre- 
tion and  the  state  of  the  secretory  nerves. 

With  regard  to  the  former,  pilocarpin  causes  a  secretion  which  atropin 
stops,  and  which  pilocarpin  sets  going  again  and  so  on,  so  that  here  the 
antagonism  is  certainly  mutual ;  but  it  is  not  complete,  for  the  larger  the 
quantity  of  atropin  the  less  fully  can  pilocarpin,  in  whatever  dose  given, 
cause  a  free  secretion,  i.e.  the  less  fiiUy  can  it  produce  the  opposite 
physiological  state  to  that  produced  by  atropin;  and  again,  pilocarpin  in 
large  dose  causes  no  secretion,  a  condition  which  is  not  antagonised  by 
atropin. 

With  regard  to  the  latter,  atropin  paralyses  the  secretory  fibres; 
pilocarpin  restores  them  to  a  certain  extent  but  not  entirely  to  normal, 
the  restoration  being  less  and  less  as  the  quantity  of  atropin  increases. 
Pilocarpin  then  has  an  incomplete  antagonism  for  atropin.  Pilocarpin 
itself  causes  a  paralysis  of  the  secretory  nerves,  which  is  not  removed 
by  atropin ;  atropin  then  here  has  no  antagonism  for  pilocarpin. 

Hence  with  regard  to  the  secretion  of  the  gland,  atropin 
and  pilocarpin  have  an  imperfect  mutual  antagonism;  as  long 
as  pilocarpin  produces  a  secretion  the  antagonism  of  atropin 
for  it  is  perfect;  the  antagonism  of  pilocarpin  for  atropin  is 
the  more  perfect  the  less  the  quantity  of  atropin:  and  with 
regard  to  the  secretory  nerve  fibres  there  is  but  an  imperfect 
one-sided  antagonism,  viz.,  that  of  pilocarpin  for  atropin. 

The  relative  effects  of  the  poisons  on  the  heart  offer  great  analogies 
to  the  effects  above  given;  there  is  an  imperfect  mutual  antagonism 
when  the  heart-beats  are  considered ;  there  is,  when  the  effect  of  vagus 
stimulation  is  considered,  but  at  the  most  an  imperfect  one-sided  anta- 
gonism of  pilocarpin  for  atropin. 

Without  having  made  direct  experiments,  it  would  be  hasty  to 
affirm  that  neither  is  there  in  the  sweat-glands  a  case  of  perfect  mutual 

*  It  does  not  foUow  from  this  that,  if  we  know  aooorately  the  separate  actions  of  any 
two  poisons,  we  can  teU  without  direct  experiment  whether  they  will  be  imperfectly  or  per- 
feetly  mutually  antagonistic. 
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antagonism  of  the  alkaloids,  though  I  feel  little  doubt  that  there  too  the 
mutual  antagonism  is  imperfect.  Luchsinger's  experiments  on  the 
sweat-glands  of  the  foot  of  the  cat  do  not  unfortunately  give  those 
points  which  would  enable  a  decision  to  be  come  to ;  for  I  would  again 
point  out  that  the  mere  fact  of  one  alkaloid  causing  a  secretion,  and  of 
another  stopping  it,  and  of  the  first  once  more  starting  the  secretion 
and  so  on,  only  shows  that,  as  regards  the  secretion,  they  are  mutually 
antagonistic  in  certain  doses.  It  leaves  quite  open  the  question  whether 
their  mutual  antagonism  is  perfect  or  imperfect. 

Finally,  it  seems  to  me  that  in  the  other  cases  where  a  mutual 
antagonism  has  been  shown,  limitations  similar  to  the  above  are  neces* 
sary.  The  action  of  muscarin  resembles  so  closely  that  of  pilocarpin 
that  I  feel  confident  a  closer  investigation  would  show  for  muscarin  and 
atropin  an  antagonism  of  almost  identical  nature  with  that  I  have  given 
above  for  atropin  and  pilocarpin.  From  these,  the  antagonism  of 
atropin  and  physostigmin  differs  somewhat,  being  with  regard  to  the 
secretion  of  the  gland  very  imperfect,  even  if  existing,  but  with  regard  to 
the  secretory  nerve-fibres  being  considerably  more  perfect. 

In  the  ca/rrying  oiU  of  the /aregovng  experiments  I  have  been  grea/Uy  assisted 
by  a  grant  of  money  kindly  voted  to  me  by  the  Grant  Committee  of  the  British 
Medical  Association, 


THE  INFLUENCE  OF  STIMULATION  OF  THE  MID- 
BRAIN  UPON  THE  RESPIRATORY  RHYTHM  OF 
THE  MAMMAL.  By  H.  NEWELL  MARTIN,  M.A.  D.Sc, 
Professor  of  Biology ^  Johns  Hopkins  University^  Baltimorey  U,S.y  and 
W.   D.   BOOKER,  M.D.     (With  Plate  XIV.) 

One  of  us  having  found  (Joum,  of  FhysioL,  Vol.  I.  p.  131)  that  che- 
mical stimulation  of  the  midbrain  of  the  frog  causes  an  alteration  in  its 
mode  of  breathing  characterised  by  accelerated  or  tetanic  inspiratory 
and  impeded  expiratory  movements,  the  following  experiments  were 
undertaken  with  the  object  of  ascertaining  if  the  same  phenomena 
were  exhibited  by  the  mammal.  In  the  paper  above  referred  to  (p. 
170)  a  bibliography  is  given  of  observations  previously  made  as  to  the 
effects  of  cerebral  stimulation  upon  respiratory  movements;  we  have 
seen  nothing  since  which  calls  for  addition  to  that  list. 

Our  j&rst  attempts  at  recording  the  rate  and  extent  of  the  respiratory 
movements  were  made  either  by  means  of  a  flat  inflated  sac,  connected 
with  a  recording  tambour,  introduced  between  the  liver  and  the  dia- 
phragm through  an  incision  in  the  linea  diha;  or  by  direct  observation  of 
the  diaphragm  exposed  from  the  abdominal  side.  Neither  of  these 
methods  was  satisfactory,  and  we  therefore  had  recourse  to  the  following. 
Tracheotomy  having  been  performed,  a  glass  T-piece  was  tied  in  the 
windpipe :  one  limb  of  the  T-piece  had  attached  to  it  a  short  piece  of 
india-rubber  tubing:  from  the  other  limb  a  tube  led,  through  a  hole  in 
the  cork,  into  a  large  glass  jar :  through  the  cork  of  this  jar  passed 
another  tube  which  was  connected  with  a  Marey's  recording  tambour, 
the  lever  of  which  wrote  on  a  revolving  cylinder.  Near  the  bottom  of 
the  jar  was  an  aperture  which  could  be  opened  at  pleasure,  so  as  to 
set  its  cavity  in  communication  with  the  surrounding  air  in  the 
intervals  of  the  observations.  In  these  intervals  the  short  india- 
rubber  tube  above  mentioned  was  left  open,  and  served  for  the  animal 
to  breathe  through  :  when  an  observation  was  to  be  made  this  tube 
was  closed  by  pressing  between  the  thumb  and  finger  or  by  a  screw 
clamp,  and  the  animal  then  breathed  into  and  out  of  the  glass  jar :  the 
variations  of  pressure  produced  in  the  latter  were  recorded  by  the  tam- 
bour, which  was  inverted.     Consequently,  when  the  animal's  chest 
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expanded  (i.  e,  during  inspiration)  air  passed  into  it  from  the  jar  and 
tambour,  and  the  lever  of  the  tambour  ascended ;  the  reverse  of  course 
occurred  during  expiration.  By  this  means  we  found  that  very  small 
respiratory  changes  in  the  capacity  of  the  chest  were  very  distinctly 
recorded  while,  as  we  satisfied  ourselves  by  several  experiments,  the 
size  of  the  jar  was  such  that  no  dyspnoea  of  importance  was  caused  by 
the  animal's  being  compelled  to  respire  from  it  for  at  least  a  minute. 
Fig.  1,  PL  XTV.,  shews  a  tracing,  taken  without  any  stimulation,  for 
more  than  90  seconds.  An  explanation  of  it  will  serve  to  elucidate  the 
other  figures  also.  The  small  movements  at  a  are  those  traced  by  the 
tambour  lever  before  the  closure  of  the  short  india-rubber  tube  on 
one  limb  of  the  T-piece.  On  screwing  up  the  clamp  closing  this,  the 
respiratory  tracings  increase  in  extent  and  rapidly  attain  a  maximum, 
which  is  then  maintained  nearly  constant,  both  as  regards  their  ampli- 
tude and  rate,  until  6,  when  the  short  tube  was  opened  again :  there  is 
no  sign  whatever  of  that  tetanic  fusion  of  the  respirations,  which,  as  will 
be  seen  subsequently,  follows  the  midbrain  stimulation.  The  line  x  is 
the  base  line  traced  by  the  tambour  lever  after  we  had  disconnected  the 
glass  jar  from  the  trachea  and  placed  it  in  communication  with  the 
exterior  air,  while  the  drum  made  a  second  revolution.  The  line  8  was 
traced  by  the  stimulation  lever,  to  be  hereafter  mentioned.  The  time  is 
indicated  on  the  line  t^  traced  by  an  electric  chronograph  in  connection 
with  a  seconds  clock.  In  the  respiratory  tracing  there  is  a  slight  indi- 
cation of  a  phenomenon,  which  in  two  or  three  cases  occurred  to  a  large 
extent  and  rendered  the  experiment  useless,  viz.,  a  larger  absorption  of 
gas  by  the  lungs  than  was  compensated  for  by  exhalation,  so  that  the 
total  volume  of  gas  in  the  apparatus  was  diminished,  and  the  lever- 
tracing  left  the  base  line  entirely.  In  the  great  majority  of  cases,  how- 
ever, this  is  entirely  absent,  or  occurs  to  a  veiy  slight  amount. 

Rabbits  were  the  animals  employed  throughout,  except  a  couple  of 
confirmatory  observations  on  cats.  After  the  insertion  of  the  tube  in 
the  trachea,  the  general  course  of  the  experiment  was  as  follows.  The 
animal,  still  under  ether,  was  turned  over  and  the  skull  opened  over 
the  midbrain.  The  transverse  sinus,  which  lies  over  the  posterior  tuber- 
cula  quadrigemina,  was  thus  exposed.  If  the  posterior  tubercula  were 
those  which  it  was  desired  to  stimulate,  a  pair  of  needle  electrodes, 
covered  with  a  thin  layer  of  sealing-wax,  except  for  |  inch  at  the  tip, 
were  inserted ;  this  we  were  generally  able  to  do  without  penetrating 
the  sinus :  when  the  latter  was  pricked  we  usually  succeeded  in  stop- 
ping the  bleeding  by  tying  the  sinus  carefully  on  each  side  of  the  wound. 


372  E.  NEWELL  MARTIN  AND   W.  2).  BOOKER, 

The  electrodes  were  borne  by  a  wire  framework  attached  to  the  head 
holder  of  Czermak's  rabbit  bed,  and  so  followed  the  movements  of  the 
head  of  the  animal  if  it  jerked  it ;  in  this  way  any  tearing  of  the  brain, 
which  at  first  gave  us  much  trouble,  was  avoided.  If,  on  the  other 
hand,  it  was  desired  to  insert  the  electrodes  into  the  anterior  tubercula 
quadrigemina,  either  the  posterior  parts  of  the  cerebral  hemispheres 
were  first  removed,  or,  more  frequently,  the  whole  of  them,  as  we  found 
the  latter  operation,  as  a  rule,  caused  less  bleeding. 

The  electrodes  were  connected  with  the  secondary  coil  ofadu  Bois 
induction  apparatus,  with  magnetic  interrupter;  the  current  from  a 
single  carbon-bichromate  cell  was  sent  through  the  primary  coiL  In 
the  secondary  circuit  was  interposed  the  stimulation  lever  above  re- 
ferred to,  which  marked  on  the  drum  in  the  usual  manner,  when  the 
current  was  sent  through  the  electrodes.  With  reference  to  this  mark- 
ing, one  point  may  require  notice.  At  the  commencement  of  an  obser- 
vation all  three  levers,  time,  stimulation,  and  respiratoiy,  were  placed 
in  contact  with  the  drum  and  on  the  same  vertical  line,  the  respiration 
lever  being  in  that  position  (base  line)  which  it  assumed  when  the  jar, 
with  which  the  tambour  was  connected,  was  disconnected  from  the  tra- 
chea, and  in  free  communication  with  the  external  air.  When  the  jar 
was  closed  and  connected  with  the  trachea  the  respiration  lever  de- 
scribed large  curves,  and  was  no  longer  on  the  same  vertical  line  as  the 
other  levers,  except  at  the  moments  when  its  tracing  cut  the  base  line. 
Consequently,  to  find  at  any  moment  what  part  of  the  stimulation  line 
corresponds  to  a  given  part  of  the  respiratory  tracing,  it  is  necessary  to 
draw  a  perpendicular  from  the  stimulation  line  at  that  point  to  the  base 
line,  and  from  the  point  where  it  meets  the  latter  to  draw  a  line  parallel 
to  the  curves  of  the  respiratory  ti'acing  until  it  meets  the  latter :  this 
point  of  meeting  will  be  the  point  in  the  respiratory  curve  answering  in 
time  to  the  given  point  in  the  stimulation  line.  The  same  is  of  course 
true  for  the  relationships  of  the  ^me  and  respiratory  tracings.  In 
fig.  6,  e.g.f  where  the  stimulation  has  lasted  for  9  seconds  (from  s  to  «'), 
the  point  of  the  respiratory  trace  which  answers  to  the  moment  of 
cessation  of  the  stimulus  is  not  that  at  which  the  perpendicular  px  cuts 
the  respiratory  tracing;  but  is  to  be  found  by  drawing  from  x'  the 
dotted  line  xz  until  it  cuts  the  respiratory  tracing.  The  point  of  the 
respiratory  trace,  which  answers  in  time  to  the  commencement  of  the 
stimulation,  is  of  course  to  be  found  similarly.  These  dotted  curves 
have  not  been  drawn  for  the  other  figures  in  most  cases,  but  the  same 
reasoning  applies  to  all. 
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After  the  completion  of  the  operation  the  animal  was  left  for  some 
time,  usually  an  hour,  to  recover  from  the  shock  of  the  operation. 
The  midbrain  was  then  stimulated  during  a  minute  and  a  half,  in  the 
manner  above  described,  generally  for  periods  of  10 — 12  seconds  at  a 
time,  with  intervals  of  10  seconds  rest.  An  interval  of  10 — 15  minutes 
was  then  allowed  to  elapse,  and  the  stimulation  repeated  with  varying 
positions  of  the  secondary  coiL  During  the  stimulation  the  etherisa- 
tion was  not  pushed  to  the  most  complete  narcosis,  as  otherwise  in- 
conveniently strong  currents  were  required  to  produce  any  eflfect. 

The  general  result  of  our  experiments  may  bo  summed  up  thus : 
there  lies  deep  in  the  midbrain  of  the  rabbit,  beneath  the  pos- 
terior corpora  quadrigemina  and  close  to  the  iter^  a  respiration- 
regulating  centre,  similar  to  that  in  the  corpora  bigemina  of 
the  frog:  electrical  stimulation  of  this  centre  causes  accele- 
rated inspirations  finally  passing  into  tetanic  fixation  of  the 
chest  in  an  inspiratory  condition:  and  correspondingly  dimi- 
nishes or  altogether  inhibits  expiration.  If  the  animal  be  young 
and  the  operation  have  been  performed  without  loss  of  blood,  these 
results  follow  extremely  feeble  stimulation :  stimulation,  for  example, 
with  the  secondary  coil  at  20  or  22,  so  feeble  as  to  be  barely  percep- 
tible when  the  electrodes  are  applied  to  the  tongue. 

Figures  2,  3,  and  4  give  the  results  of  one  experiment  (Rabbit, 
April  25,  1878).  The  posterior  part  of  the  cerebrum  was  exposed  at 
11  a.m.  with  hardly  any  loss  of  blood:  the  electrodes  were  inserted  at 
12.15  p.m.,  and,  as  ascertained  by  post-mortem  examination,  the  right 
electrode  rather  superficially  in  the  right  posterior  corpus  quadri- 
geminum  and  the  left  deep  in  the  corresponding  body  on  the  left  side. 
Fig.  2  gives  the  effects  of  four  stimulations  at  12.20.  In  the  figure 
the  lines  tt,  88,  and  x  are  as  in  Fig.  X.  The  numbers  beneath  the 
stimulations  give  the  position  of  the  secondary  coil  during  each.  It 
will  be  seen  that  with  the  secondary  coil  at  20  the  chest  passed  into  a 
marked  inspiratory  condition,  and  never  returned  to  its  normal  expira- 
tory state  during  the  stimulation.  The  inspiration  is  not  however 
tetanic,  but  there  are  feeble  attempts  to  return  to  the  expiratory  state, 
interrupted  almost  immediately  by  a  fresh  inspiration ;  we  have  in  fact 
a  number  of  very  feeble  rapid  inspirations,  which  have  the  eflfect  on  the 
whole  of  keeping  the  chest  fixed  in  an  inspiratory  condition.  With  the 
secondary  coil  at  22  this  eflfect  is  still  well  marked ;  at  24  much  less  so, 
and  at  25  it  is  only  just  recognisable.  Fig.  3  shews  the  results  of  three 
stimulations  at  12.30,  with  the  secondary  coil  at  19, 18  and  17  respec- 
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lively ;  the  ttacings  are  of  the  same  character  as  in  Figure  2,  but  the 
influence  of  the  stimulation  is  even  more  marked,  especially  that  with 
the  secondary  coil  at  17.  Fig.  4  gives  the  results  of  stimulations  com- 
mencing at  12.45,  with  the  secondary  coil  at  16, 15  and  14  respectively: 
the  last  it  will  be  seen  passes  into  a  continued  inspiratory  tetanus. 
Between  each  of  these  latter  three  stimulations  a  pause  of  two  minutes 
was  allowed,  during  which  the  animal  was  permitted  to  breathe  freely. 
An  attempt  to  get  a  more  marked  inspiratory  tetanus  by  stronger 
stimulation  failed  (Fig,  5),  the  chest  becoming  relaxed  during  the 
stimulation :  to  this  phenomenon  we  will  return  presently. 

Figure  6  (Rabbit,  March  29,  1878)  shews  a  more  perfect  inspiratory 
tetanus,  which  is  interesting  from  the  resemblance  of  some  of  its 
features  to  those  of  an  ordinary  muscle  tetanus ;  as  for  instance  in  the 
stimulation  being  at  first  insufficient  to  cause  complete  fusion  of  the 
discharges,  but  afterwatds  becoming  so,  as  is  the  case  in  a  muscle  when 
fatigue  comes  on.  On  the  other  hand,  in  the  mode  of  disappearance 
of  the  tetanic  effect  on  the  cessation  of  the  stimulus,  at  first  slbwly 
and  then  more  rapidly,  we  have  a  marked  difference  from  a  muscular 
tetanus.     In  this  case  the  secondary  coil  was  at  10. 

We  have  numerous  tracings  resembling  those  just  described,  but  it 
would  be  wearisome  to  give  them  in  detail  as  they  offer  no  essential 
points  of  difference.  The  reasons  which  cause  us  to  locate  the  respira- 
tion-regulating centre  in  the  precise  locality  above  mentioned  are  as 
follows.  When  both  electrodes  are  placed  superficially  in  the  corpora 
quadrigemina  no  respiratory  effects  follow,  even  with  tolerably  strong 
currents.  On  the  other,  hand,  when  either  one  or  both  are  pushed 
down  to  the  level  of  the  iter  the  results  always  follow  (except  when 
there  has  been  much  bleeding  or  when  the  animal  is  deeply  narcotised), 
whether  they  be  in  the  anterior  or  posterior  tubercula ;  but  the  results 
are  purer  and  obtained  with  weakest  currents  when  the  electrodes  are  in 
the  posterior.  When  well  placed  in  the  latter  very  marked  and  charac- 
teristic effects  can  be  obtained  with  extremely  feeble  currents,  and  they 
are  then  unaccompanied  by  any  other  disturbances.  If  the  current  is  a 
little  stronger  general  slight  tremor  of  the  whole  body  accompanies  the 
respiratory  effects.  This  tremor,  which  is  so  common  an  expression  of 
terror,  is  interesting  in  connection  with  Ferrier's  view  that  the  mid- 
brain mainly  is  concerned  in  the  expression  of  the  emotions.  With 
powerful  currents  general  clonic  spasms,  passing  into  general  tetanus, 
come  on.  When  the  stimulus  is  applied  to  the  deep  parts  of  the 
anterior  tubercles  the  tremor  is  usually  absent,  but  the  stimulation  is 
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pften  accompanied   with   violent  rhythmic  efforts  to   draw   the  head 
back ;  sometimes  also  with  twitching  of  the  ears. 

The  extreme  feebleness  of  the  currents  which  give  characteristic 
results  seems  to  preclude  the  possibility  of  the  stimulation  of  neigh- 
bouring parts  by  radiation   of  the   currents   being  the   cause  of  the 
phenomena.     We  made  however  several  experiments  with  the  view  of 
excluding  this  possible  source  of  error.  Perfectly  typical  results  were  ob- 
tained after  removal  of  the  cerebral  hemispheres  and  of  the  optic  thalami 
and  corpora  striata  (the  latter  in  the  cat),  so  that  the  phenomena  are  not 
due  to  fear  or  pain  (which  were  also  eliminated  by  the  ether),  or  to  the 
radiation  of  correntB  to  auy  of  those  parts.     Removal  of  the  cerebellum 
also  did  not  prevent  the  occurrence  of  the  phenomena :  after  all  these 
operations  however  somewhat  stronger  stimulation  was  required,  doubtless 
on  account  of  the  diminished  irritability  resulting  from  the  more  severe 
operation.     Finally  we  endeavoured  to   eliminate  any  result  due  to 
escape  of  the  current  to  the  medulla  oblongata  by  severing  the  mid- 
brain from  the  parts  behind  after  finding  the  normal  results,  and  then 
trying  again  the  effect  of  the  midbrain  stimulation.     By  the  severance 
electric  continuity  would  not  be  impaired,  and  any  part  of  the  effect 
due  to  radiation  of  the  current  to  the  medulla  might  still  be  expected 
after  it.    To  make  the  division  complete  without  injuring  the  midbrain 
was  we  found  no  easy  task,  but  in   two  cases  in  which  post  mortem 
examination  shewed  that  we  had  accomplished  it,  and  after  the  animal 
had  been  allowed  an  hour  to  recover  from  the  shock,  no  results  followed 
the  midbrain  stimulation  until  the  secondary  coil  was  pushed  up  over 
the  primary,  giving  currents  of  such  strength  that,  as  evinced  by  the 
contraction  of  the  muscles  in  the  neck,  &c.,  they  escaped  in  all  direc- 
tions.   Then  the  chest  suddenly  passed  into  an  inspiratory  state,  but 
with  no  signs  of  accelerated  inspirations ;  the  inspiratory  muscles  were 
obviously  merely  held  in  tetanic  contraction  by  the  current  reaching 
directly  the  respiratory  tracts  in  the  spinal  cord  or  medulla.     Stimula- 
tion of  the  medulla  directly  by  the  insertion  of  the  electrodes  into  it 
produced  similar  results,  with  general  tetanus.     We  believe  therefore 
that  we  are  justified  in  ascribing  the  effects  observed  by  us,  to  the 
stimulation  of  a  respiration-regulating  centre  lying  deep  in  the  back 
part  of  the  midbrain. 

We  had  not  expected  to  find  as  marked  expiratory  effects  in  the 
rabbit,  where  the  expirations  are  mainly  passive,  as  in  the  frog  where 
they  are  due  to  active  muscular  contractions ;  and  during  the  more  or 
less  tetanic  inspiratory  conditions  represented  in  Figures  2,  3,  4,  5  and 
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6  it  is  obvious  that  the  expiratory  centre  is  more  or  less  inhibited, 
which  is  perhaps  all  we  had  any  reason  to  look  for.  Still  we  had  rather 
expected  to  find  some  sign  of  a  powerful  expiratory  effort  after  the 
cessation  of  the  stimulation,  and  as  a  rule  this  was  conspicuous  by  its 
absence.  In  many  cases,  however,  as  in  Fig.  5,  the  chest  passed  rapidly 
towards  an  expiratory  position  during  powerful  midbrain  stimulation, 
and  while  the  inspiratory  muscles  were  still  in  a  state  of  fairly  perfect 
tetanus.  At  first  one  might  be  inclined  to  ascribe  this  to  exhaustion  of 
the  inspiratory  muscles,  but  that  this  is  not  its  cause  is  obvious  from 
the  fact  that  a  powerful  series  of  inspiratory  movements  immediately 
follows  cessation  of  the  stimulation :  at  p,  in  Fig.  5,  for  instance.  The 
relaxation  of  the  chest  walls  then  is  due  in  these  cases  in  some  way  to 
the  stimulation  and  not  to  muscular  exhaustion.  As  this  effect  only 
occurred  during  the  employment  of  pretty  strong  currents,  and  was 
moreover  by  no  means  constant,  we  were  led  to  think  that  it  might 
be  due  to  the  escape  of  the  current  to  some  inspiration-inhibiting 
centre,  and  further  examination  has  led  us  to  suspect  that  such  a  centre 
does  exist  deep  in  the  front  part  of  the  medulla  or  in  the  pons  Varolii. 
Fig.  7,  for  example,  gives  the  results  of  stimulations  with  the  uncovered 
points  of  the  electrodes  lying  in  the  pons,  and  it  will  be  seen  that  in 
each  case  the  effect  was  of  an  inspiration-inhibiting  character.  The 
stimulation  was  accompanied  by  general  convulsions  when  the  secondary 
coil  was  at  16  and  14.  We  have  not  however  had  yet  the  opportunity 
to  pursue  this  point  further,  and  the  effect  may  perhaps  be  due  to  a 
direct  action  upon  the  respiratory  centre  in  the  medulla. 

During  prolonged  feeble  stimulation  of  the  midbrain  (2-5  minutes) 
the  chest  never  passes  in  the  manner  above  described  as  sometimes 
occurring  during  stronger  stimulation,  into  the  expiratory  position, 
the  effect  of  the  stimulation  gradually  dying  away  and  the  respiration 
becoming  normal,  except  for  the  dyspncBic  alterations  due  to  the 
conditions  of  the  experiment. 

The  tracings  in  Fig.  8  were  taken  from  a  c^t,  the  cerebrum  of 
which  was  removed;  the  electrodes  were  inserted  in  the  posterior 
corpora  quadrigemina,  and  it  will  be  seen  that  the  resulta  of  the 
stimulations  (secondary  coil  at  20  and  21)  are  identical  with  those 
obtained  from  the  rabbit. 


ON  PITURI.  By  SYDNEY  RINGER,  M.D.,  and  WILLIAM 
MURRELL,  M.R.C.P.,  Lecturer  an  Practical  Physiology  at  the 
Westminster  School  of  Medicine,  and  Assistant  Physician  to  the-  Royal 
Hospital  for  Diseases  of  the  ChesU 


Quite  recently  a  student  of  University  College,  London,  whose  name 
we  have  unfortunately  forgotten,  gave  us  a  small  packet  containing  a 
few  twigs  and  broken  leaves  of  the  powerful  and  interesting  drug  Pituri. 
These  we  placed  in  Mr  Gerrard's  hands,  and  he  kindly  made  first  an 
extract  from  which  he  obtained  a  minute  quantity  of  an  alkaloid,  and 
with  this  he  made  a  solution  containing  one  part  of  the  alkaloid  to 
twenty  of  water. 

Baron  Mueller,  from  an  examination  of  the  leaves  of  pituri,  is  of 
opinion  that  it  is  derived  from  Duboisia  Hopwoodii.  Pituri  is  found 
growing  in  desert  scrubs  from  the  Darling  River  and  Barcoote  to  West 
Australia.  The  natives,  it  is  said  to  fortify  themselves  during  their 
long  foot  marches,  chew  the  leaves  for  the  same  purpose  as  Cocoa  leaves 
are  used  in  Bolivia.  Dr  G.  Bennett  in  the  New  South  Wales  Medical 
Gazette,  May,  1873,  says  Pituri  is  a  stimulating  narcotic  and  is  used 
by  the  natives  of  New  South  Wales  in  like  manner  as  the  Betel  of 
the  East.    It  seems  to  be  a  substitute  for  tobacco. 

It  is  generally  met  with  in  the  form  of  dry  leaves,  usually  so  pulver- 
ized that  their  character  cannot  be  made  out. 

The  use  of  pituri  is  confined  to  the  men  of  a  tribe  called  Mallutha. 
Before  any  serious  undertaking,  they  chew  these  dried  leaves,  using 
about  a  tea-spoonful.  A  few  twigs  are  burnt  and  the  ashes  mixed  with 
the  leaves.  After  a  slight  mastication  the  bolus  is  placed  behind  the 
ear  (to  increase  it  is  supposed  its  strength),  to  be  again  chewed  fix>m 
time  to  time,  the  whole  being  at  last  swallowed.  The  native  after 
this  process  is  in  a  sufficiently  courageous  state  either  to  transact 
business  or  to  fight.  When  indulged  in  to  excess,  it  is  said  to  induce  a 
condition  of  infuriation.  In  persons  not  accustomed  to  its  use  pituri 
causes  severe  headache. 
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In  a  paper  read  before  the  Queensland  Philosophical  Society  in 
March,  1872,  Dr  Bancroft  described  some  experiments  made  with  an 
infusion,  and  attributes  to  the  drug  the  following  efifects : 

I.  Period  of  preliminary  excitement  from  apparent  loss  of  inhibi- 
tory power  of  the  cerebrum,  attended  in  cats  and  dogs  with  rapid  respi- 
ration, vomiting,  and  profuse  secretion  of  saliva. 

II.  Irregular  muscular  action  followed  by  general  convulsions. 

III.  Paralysis  of  the  respiratory  function  of  the  medulla. 

IV.  Death,  or 

V.  Sighing  respiration  at  long  intervals. 

VI.  Rapid  respiration  and  returning  consciousness. 

VII.  Normal  respiration  and  general  torpidity  not  unattended  with 
danger  to  life. 

We  began  our  investigations  on  August  16,  by  injecting  under 
the  skin  of  a  small  cat  one  minim  of  the  1  in  20  solution.  In  three 
minutes  the  cat  staggered  while  walking.  In  seven  minutes  the  animal 
could  walk  though  badly ;  it  lay  down  on  the  table.  In  eight  minutes 
it  was  still  weaker,  so  that  when  lying  down  it  let  its  head  rest  on  the 
table.  The  breathing  was  32  per  minute  and  laboured,  but  the  mucous 
membrane  of  the  mouth  was  not  at  all  livid.  In  nine  minutes  we 
observed  muscular  cutaneous  twitching.  In  thirteen  minutes  it  seemed 
sleepy,  but  could  see,  hear,  and  feel,  distinctly.  lu  fifty  minutes  it 
could  still  walk  but  rolled  a  good  deal,  and  the  muscular  weakness  was 
shown  by  the  ease  with  which  we  could  open  its  mouth.  The  mouth, 
which  at  first  became  a  little  moister,  was  now  decidedly  dry.  Respira- 
tions 20,  rather  deep.  In  25  minutes  the  cat  began  to  improve,  though 
the  mouth  remained  a  little  dry;  and  in  30  minutes,  with  the  exception 
of  a  little  dullness,  it  had  recovered.  In  34  minutes  we  again  injected 
two  minims  of  the  solution.  In  one  minute  the  breathing  rose  from  28 
to  36  per  minute  and  became  laboured.  In  four  minutes  the  cat 
vomited  violently  and  passed  water.  It  became  also  weak  and  stag- 
gered a  little.  In  eight  minutes  the  respirations  were  44,  and  superficial. 
1'he  cat  walked  badly  and  the  mouth  was  a  little  dry.  In  twelve  minutes 
it  seemed  sleepy.  In  twenty  minutes  it  still  staggered  on  walking. 
The  respirations  had  fallen  to  28.  The  pupils  were  widely  dilated,  and 
the  mouth  was  decidedly  though  not  extremely  dry,  and  the  cat  was 
drowsy.  In  46  minutes  the  pupils  were  still  dilated,  and  the  mouth 
rather  dry,  though  iu  other  respects  the  animal  had  nearly  recovered, 
but  remained  a  little  dull. 
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In  this  experiment  the  drug  produced  hurried  and  laborious  breath- 
ing. Much  muscular  weakness  with  slight  twitching.  Slight  dryness 
of  the  mouth.  Slight  drowsiness  and  wide  dilatation  of  the  pupils. 
We  were  struck  by  the  rapidity  of  the  onset  of  the  symptoms  and  their 
short  duration,  showing  that  the  alkaloid  passes  readily  through  animal 
membranes  and  is  therefore  readily  absorbed  and  readily  destroyed  or 
excreted,  probably  excreted. 

We  then  applied  a  small  quantity  of  the  alkaloid  solution  to  the 
right  eye  of  a  cat  In  40  minutes  the  right  pupil  became  rather  larger 
than  the  left,  and  in  45  minutes  twice  the  size  of  the  left;  and  in  six 
hours  the  right  pupil  was  three  times  as  large  as  the  left.  In  twelve 
hours  the  pupils  became  equal.  Thus  the  drug  widely  dilated  the 
pupil,  but  the  dilatation  lasted  less  than  twelve  hours. 

We  next  injected  six  minims  of  the  1  in  20  solution  under  the  skin 
of  a  moderate-sized  cat.  In  one  minute  it  staggered  much  in  walking, 
and  the  breathing  became  panting.  In  eight  minutes  the  movements 
were  quite  stiff,  the  legs  seemed  without  joints  and  the  cat  seemed 
walking  with  sticks  not  legs.  The  limbs  were  evidently  rigid  from 
strong  muscular  contraction.  The  respirations  were  130  in  the  minute, 
and  the  mouth  was  covered  with  foam,  a  few  drops  of  saliva  dropping 
on  to  the  table.  The  mouth  was  very  moist  In  nine  and  again  in  ten 
minutes  the  cat  vomited,  and  soon  after  passed  water  and  defecated. 
The  ears  twitched  a  good  deal  and  the  third  eye-lid  was  partially  closed. 
In  this  state  the  animal  continued  till  thirteen  minutes  after  the  injec- 
tion, when  all  parts  of  the  body  twitched  violently,  the  twitchings  being 
brought  on  by  tapping  the  animal  or  gently  pinching  the  skin,  or  even 
tapping  the  table  or  blowing  on  the  animal.  The  movements  were  not 
like  tetanus,  but  consisted  of  numerous  convulsive  jerks  of  the  limbs  and 
trunk,  the  legs  not  being  extended  as  in  tetanus,  nor  the  body  curved. 
In  fifteen  minutes  the  animal  lay  on  its  side  panting,  the  breathing 
being  very  superficial ;  it  looked  as  if  it  were  dying.  In  eighteen  minutes 
the  respirations  were  92  the  minute,  and  as  before  seemed  almost  entirely 
diaphragmatic.  In  other  respects  the  cat  seemed  in  the  same  state. 
In  twenty  minutes  the  pupils  became  widely  dilated,  the  mouth  con- 
tinued very  moist  and  was  covered  with  foam.  In  25  minutes  the 
animal  began  to  improve,  having  regained  a  little  strength,  and  could 
raise  its  head.  In  26  minutes  the  respirations  were  104,  still  diaphragm** 
atic,  but  occasionally  the  cat  took  a  deep  costal  inspiration.  In 
32  minutes  the  twitchings  and  jerks  began  to  grow  lesa  In  38 
minutes  there  was  considerable  improvement,  for  the  cat  could  move 
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better.  The  moutli  was  now  quite  dry.  In  42  minutes  the  respirations 
were  68,  and  the  pupils  were  almost  fully  dilated.  The  cat  could  now 
sit  up,  but  the  jerkings,  though  less  persistent,  continued.  In  50  minutes 
the  breathing  was  more  costal  and  the  mouth  was  moister.  The  cat 
could  now  sit  up  and  licked  itself.  There  was  however  still  much 
muscular  weakness.  In  68  minutes  it  still  staggered  whilst  walking, 
and  some  twitchings  occurred  on  tapping  it.  The  pupils  were  dilated 
and  the  mouth  dry.  In  seven  hours  the  animal  had  nearly  recovered. 
It  was  not  at  all  weak,  but  slight  twitching  could  be  induced  on  tapping 
the  body  or  head  with  the  forceps.  The  pupils  were  natural  and  the 
mouth  was  moist.     Next  day  the  cat  had  quite  recovered. 

In  this  experiment  we  had  these  additional  symptoms :  salivation 
followed  by  *  dryness  of  the  mouth,  and  strong  tonic  rigidities  of 
the  limbs  as  well  as  powerful  clonic  twitching  of  all  parts  of  the 
animal. 

We  next  experimented  to  ascertain  if  there  was  any  antagonism 
between  pituri  and  muscarin,  similar  to  that  between  atropia  and 
muscarin,  on  the  frog*s  heart.  We  divided  the  cord  of  the  frog  opposite 
the  occipito-atlantoid  membrane,  and  passed  a  wooden  peg  into  the 
cavity  of  the  skull,  destroying  the  brain.  We  then  opened  the  chest 
and  exposed  the  heart.  We  made  two  experiments.  In  the  first 
experiment,  in  two  minutes  after  the  application  of  a  minute  quantity 
of  extract  of  muscai'ia  to  the  auricles,  the  heart  had  almost  stopped, 
and  only  contracted  very  slightly  at  long  intervals.  We  then  applied 
a  small  quantity  of  the  solution  of  the  pituri  alkaloid,  and  in  half  a 
minute  the  heart  beat  strongly  at  28  per  minute ;  and  in  two  minutes 
and  a  half,  at  36  a  minute,  and  for  a  long  time  after  it  continued  to 
beat  strongly. 

In  our  second  experiment,  after  the  application  of  the  extract  of 
rouscaria,  the  heart  completely  stopped  in  wide  diastole.  We  then 
applied  the  solution  of  pituri  alkaloid,  and  in  half  a  minute  the  auricles 
began  to  pulsate  very  feebly.  In  two  minutes  and  a  half  the  ventricle 
began  to  contract,  and  in  three  minutes  the  heart  was  contracting 
strongly  at  48  per  minute,  and  so  continued  for  an  hour  or  longer, 
beating  well  when  we  discontinued  our  observations. 

These  experiments  show  that  pituri,  like  atropia,  is  a  powerful  anti- 
dote to  the  action  of  muscarin  on  the  heart. 

We  next  applied  the  pituri  alkaloid  to  an  exposed  frog*s  heart,  but 
found  that  it  produced  no  obvious  change,  unless  it  somewhat  strength- 
ened the  contractions. 
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At  this  point,  our  stock  of  alkaloid  became  exhausted,  and  we  were 
thus  compelled  to  discontinue  our  investigations. 

As  we  had  already  shown  that  Duboisia  myoporoides  acts  in  most 
respects  like  atropia,  the  fact  of  pituri  being  a  solanaceous  plant, 
and  moreover  a  Duboisia,  led  us  to  expect  that  pituri  would  mani- 
fest the  properties  of  atropia,  and  our  experiments  confirm  this  con- 
clusion. We  find  that  pituri  causes  drowsiness,  dilates  the  pupil, 
dries  the  mouth,  produces  general  weakness  with  convulsive  twitchings, 
and  antagonises  the  action  of  muscarih  on  the  heart.  It  possesses,  bow- 
ever,  two  properties  distinct  from  those  of  atropia ;  it  produces  sickness 
and  increases  the  salivary  secretion,  in  large  doses  copiously,  before  it 
dries  the  mouth.  We  may  here  observe  in  passing  that  large  doses  of 
hyoscyamia  may  induce  nausea  and  sickness.  Even  in  the  properties 
in  which  pituri  resembles,  it  still  differs  from,  atropia.  For  atropia 
chiefly  dries  the  mouth,  dilates  the  pupil,  and  these  effects  endure 
many  hours,  indeed  with  respect  to  the  dilatation  of  the  pupil  even 
days;  whilst  only  large  doses  produce  drowsiness,  general  weakness, 
and  twitchings ;  or  quicken  the  respirations.  On  the  other  hand  with 
pituri  the  earliest  effect  is  manifested  on  the  breathing,  which  becomes 
quick  and  shallow ;  then  follows  general  weakness,  and  after  large  doses, 
severe  muscular  twitchings,  whilst  the  pupil  is  far  less  dilated,  and  the 
dilatation  lasts  for  a  shorter  time  than  after  atropia.  Moreover  pituri 
dries  the  mouth  far  less  than  atropia,  and  the  dryness  is  preceded  by 
an  increased  salivary  secretion.  . 

It  appears,  therefore,  that  whilst  the  alkaloid  of  pituri  retains  the 
properties  of  solanaceous  plants  it  differs  somewhat  from  atropia. 
We  suggest  that  it  may  be  atropia  slightly  modified,  so  that  its  effects 
on  some  of  the  animal  structures  are  lessened,  whilst  on  other  struc- 
tures its  effects  are  increased;  that  in  fact  its  influence  on  secretion 
and  on  the  pupil  is  lessened,  whilst  its  effect  in  producing  general 
weakness  and  twitchings,  and  its  influence  on  respiration,  are  greatly 
intensified. 

This  modification  of  atropia,  this  pituri  alkaloid,  is  in  its  physiologi-^ 
cal  effects,  and  therefore  probably  in  chemical  constitution,  allied  to 
certain  other  alkaloids.  This  alliance  will  be  better  seen  if  we  give 
first  a  summary  of  the  effects  of  pituri,  and  then  of  the  alkaloids  to 
which  it  seems  affiliated. 

Pituri  is — 

I.      Slightly  narcotic. 


382  S.   RINGER  AND    W.  MURRELL. 

II.  It  first  salivates  and  then  dries  the  mouth. 

III.  It  dilates  the  pupil  when  administered  internally  or  applied 
topically  to  the  eye. 

IV.  It  is  a  powerful  respiratory  poison,  and,  according  to  Dr  Bancroft, 
it  kills  in  this  way — a  conclusion  which  our  experiments  confirm,  for 
our  cat  nearly  perished  through  the  action  of  the  poison  on  respiration. 

V.  It  produces  general  weakness. 

VI.  It  produces  violent  twitchings  of  the  whole  body. 

Gelsemium — - 

I.  Is  slightly  narcotic. 

II.  Salivates  cats. 

III.  Administered  internally  it  contracts :  applied  topically  it  first 
contracts  and  then  dilates  the  pupil. 

IV.  It  is  a  powerful  respiratory  poison. 

V.  It  produces  general  paralysis. 

VI.  It  paralyses  and  tetanizes  frogs. 

Jaborandi — 

I.     Is  slightly  narcotic. 
IL    It  salivates  profusely. 

III.  Internally  administered,  or  topically  applied,  it  contracts  the 
pupil. 

IV.  It  does  not  affect  respiration. 

V.  It  produces  muscular  tremblings. 

VI.  It  paralyses  and  tetanizes  frogs. 

Through  jaborandi  pituri  becomes  allied  to  muscarin,  which  possesses 
the  same  actions  as  jaborandi,  except  that  muscarin  administered  in- 
ternally contracts,  but  topically  applied  dilates  the  pupil. 

By  means  of  pituri,  therefore,  we  group  into  alliance  alkaloids  ap- 
parently so  dissimilar  as  atropia  and  jaborandi,  and  atropia  and  muscarin, 
two  alkaloids  which  in  most  of  their  effects  are  antagonistic  to  those  of 
atropia.  . 

The  idea  naturally  arises  that  by  slight  modifications  of  an  alkaloid 
its  properties  may  become  greatly  changed  and  even  reversed,  without  a 
corresponding  change  in  its  chemical  constitution.  Some  experiments  * 
made  by  one  of  us  on  the  daffodil  and  snowdrop  and  some  other  amaryl- 
lidaceous  plants  tend  to  support  this  hypothesis.  The  daffodil  alkaloid 
from  the  bulb  of  the  flowering  plant  dried  the  mouth,  checked  perspi- 

*  An  account  of  these  will  be  published  in  the  next  number  of  this  Journal. 
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ration,  dilated  the  pupil,  and  acted  in  most  respects  like  atropia,  but 
strange  to  say,  the  alkaloid  derived  from  bulbs  gathered  after  the  plants 
had  finished  flowering,  profusely  salivated,  whilst  it  still  retained  its 
power  to  dilate  the  pupiL  Here  it  would  seem  that  by  some  modifica- 
tion of  the  alkaloid  its  action  on  the  salivary  secretion  becomes  reversed, 
whilst  its  action  on  the  pupil  beicomes  weaker. 

What  may  be  the  nature  of  the  change  in  the  composition  of  the 
alkaloid,  our  investigations  in  no  way  help  us  to  determme.  It  may  be 
similar  to  that  change  whereby,  as  Dr  Fra  ser  has  pointed  out,  strychnia 
when  converted  into  an  ethyl  compound  loses  its  tetanizing  action,  and 
becomes  a  paralyser,  though  without  undergoing  change  in  its  chemical 
constitution,  for  ethyl-strychnium  gives  the  same  chemical  reactions  as 
strychnia  itself. 
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RanvieR"!"  waa  the  first  to  observe  that  the  red-coloured  muscles  of  the 
rabbit  and  skate  differed  both  in  their  microscopic  structure  and  physio- 
logical properties  from  the  pale  muscles.  That  the  colour  of  the  red 
muscles  is  not  due  to  the  presence  of  blood  in  the  vessels  he  proved  by 
washing  out  the  vessels  with  "artificial  serum."  He,  however,  does  not 
mention  the  memoir  of  W.  Kuhne,  "Ueber  den  Farbestoff  der  Mus* 
keln}/'  although  Kuhne  also  used  a  half  per  cent,  solution  of  common 
salt  to  wash  out  the  blood-vessels  of  the  rabbit's  muscle  to  show  that 
the  colour  of  the  red  muscles  depended  on  the  presence  of  haemoglobin* 
Ranvier  directed  his  attention  specially  to  the  function  of  the  senU' 
tendinosus  (red),  and  compared  it  with  that  of  the  vastus  intemus  or 
adductor  magnus  (both  pale  muscles),  and  found  that  when  the  red 
muscle  was  stimulated  by  single  induction  shocks  it  did  not,  like  the 
pale  muscle,  produce  rapid  contractions  after  a  short  latent  period,  but 
that  after  a  latent  four  times  longer  it  contracted  slowly,  and  then  gra- 
dually returned  to  its  position  of  equilibrium. 

With  the  aid  of  the  pince  myographique^  he  obtained  curves  from 
both  kinds  of  muscle  ||.  When  the  muscles  were  stimulated  with  alter- 
nating induction  shocks  following  each  other  at  less  than  ^  sec.  of 
interval,  the  red  muscle  produced  a  tetanus  curve  with  wave-like  de- 
pressions. Fig.  I  (in  Ranvier's  paper.  Fig.  3),  whilst  the  pale  one 
yielded  such  a  curve  as  Fig.  2  (Ranvier,  Fig.  4),  which  shows  com- 
pletely separated  single  contractions. 

*  A  preliminary  oommnnication  recording  the  results  of  the  following  inyestigation, 
appeared  in  the  Monatsh,  d.  k.  Akad,  der  Wisterueh.  za  Berlin,  of  Deo.  6,  1877.  The 
Memoir  itself  was  pnhlished  in  extenno  in  German  in  the  ArchivfUr  Anatomie  und  PhysiO' 
logU,  1878,  and  is  here  published  in  English  on  behalf  of  Dr  Stirling. 

t  Archives  de  Physiologie  norm,  et  path.  1874,  t.  yi.  p.  5 — 15. 

X  Virchow's  Archiv  filr path,  Anat,  1866,  Bd.  zzxin.  p.  79. 

I  Marey,  Mouvement  dam  lesfonctiom  de  la  vie.    Paris,  1868,  p.  282. 

il  Ibid.  p.  882. 
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If  the  iaterval  was  shortened  to  ^^sec.  the  red  muacle  described  a 
curve  rising  continually  and  descending  gradually,  Fig,  3  (Ranvier, 
Fig.  1),  whilst  the  curve  of  the  pale  muacle  showed  very  pronounced 
teeth  not  so  high  above  the  abscissa,  Fig.  i  (Ranvier,  Fig.  2). 


Fig.  3. 


F.g.  . 


These  differences  were  observable  whether  the  muscles  were  stimu- 
lated directly  or  through  the  nerves,  whether  the  spinal  cord  or  nerves 
were  divided,  and  also  in  auimais  whose  motor  nerves  were  paralysed  by 
curare,  artificial  respiration  being  kept  up. 

This  observation,  that  marked  differences  obtain  in  the  rapidity  of 
the  contraction  of  transversely  striped  muscles  in  one  and  the  same 
animal,  recalls  Marey's  observations  on  the  differences  in  the  duration 
of  the  contraction  of  striped  muscles  in  one  and  the  same  frog*.  It  is 
however  new,  that  such  functional  differences  coincide  with  anatomical 
peculiarities.  What  however  strikes  one  most  in  studying  the  curves 
in  Ranvier's  paper,  e.g.  Fig.  i,  is  the  enormous  rapidity  of  the  con- 
tractions, not  only  in  the  white  but  also  in  the  red  muscles,  as  indicated 
by  the  curves  which  are  given.  According  to  Helmholtz+  the  con- 
traction of  a  fresh  frog's  muscle  lasts  ^  sec,  and  according  to  Marey's 
curves,  that  of  a  muscle  of  a  rabbit  just  killed  about  -^  sec.}.  If  a 
second  stimulus  follows  the  first,  before  the  contracted  muscle  has  hod 

•  Maaremfnt,  Ac.  p.  883. 

+  Archie/.  Analomit  vnd  Phiitiolog.  18S0.  p.  281. 

J  SIoiiveini-Ht,  fto.,  p.  9(13, 
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time  to  relax,  the- contractions  become  superposed  on  each  other  ac- 
cording to  the  rule  indicated  by  Helmholtz*,  and  produce  a  more 
complete  tetanus  the  more  rapid  the  stimulation.  A  continued  con- 
traction is  therefore  to  be  expected  with  an  interval  of  stimulation 
equal  to  or  less  than  the  duration  of  a  contraction  up  to  the  moment  of 
greatest  shortening,  t.6.  in  Marey's  example,  |^  sec.  The  smallest 
number  of  stimuli  necessary  to  produce  a  uniform  tetanus  in  the  mus- 
cles of  a  living  man  was  estimated  by  Marey  to  be  much  under  32  per 
sec.  He  however  showed  that  the  muscles  of  different  animals  require 
to  be  stimulated  at  very  different  intervals  in  order  to  produce  a  con- 
tinued  contraction,  and  he  gives  as  the  mazimnm  interval  between  any 
two  stimuli  J-^|  sec^  whidi  snflSces  to  tetanize  the  muscles  of  the  tor- 
toise, and  ^  the  minimum  that  is  necessary  to  produce  a  continuous 
cootractioxi  iji  the  muscles  of  a.  bird  ^  m  j^  sec.  In  Fig.  1,  copied 
from  Ranvier's  paper,  the  red  muscle  of  the  rabbit,  characterised  as 
contracting  slowly*^with  an  interval  of  ^sec.  between  the  stimuli,  pro- 
duced an  interrupted  contraction,  and  according  to  Fig.  4  the  white 
muscle  produced  partial  single  contractions  even  with  357  inductioa 
shocks  per  second.  Moreover,  in  comparison  with  all  former  results, 
the  extraordinary  small  amount  of  inertia  of  the  white  muscles,  and 
"^  even  of  the  red,  appeared  wonderful,  when  we  take  into  consideration 
the  normal  conditi6ns  under  which  the  animal  voluntarily 
produces  movements. 

According  to  the  observations  of  Helmholtz  the  audible  tone 
emitted  by  a  continually  contracting  muscle  of  a  man  or  rabbit,  excited 
by  An  effort  of  will,  corresponds  to  18 — 20  vibrations  per  second  f.  The 
same  tone  is  emitted  by  muscles  during  electrical  stimulation  of  the 
spinal  cord,  no  matter  the  frequency  of  the  intermittent  shocks  used 
as  a  stimulus  I.  If  the  stimuli  however  are  applied  to  the  muscles 
themselves,  or  to  their  motor  nerves,  then  the  number  of  single  vibra^ 
tions  which  produces  the  tone  is  equal  to  the  number  of  stimuli. 

It  is  to  be  concluded  from  this^  that  the  voluntary  excitation  is 

*  BerichU  der  Berl,  Akad,  1864,  p.  830. 

f  H.  Helmholtz,  Ueber  das  MoskelgerSosch,  Monattber,  der  kgl,  Ahad,  d.  Wiiserueh, 
ZM  Berlin,  1864,  p.  807;  and  ilb.  d.  Mnskelton,  Verhandl,  d,  Natur,  foncK-med.  Ver, 
jm  Heidelberg,  Bd.  iy.  1866,  p.  88.  Haughton  (Principles  of  Animal  Mechanics,  2nd  ed. 
1878)  adheres  to  his  former  results,  viz.  80 — 85^  vibrations  per  seo.  for  the  normal  inosole 
tone. 

X  E.  da  Bois-Beymond,  Ueber  die  angeblioh  sanre  Beaotion  des  Muskelfleisobes, 
Monatsber.  d,  Akad.  d,  WissenscK  zu  Berlin,  1859,  p.  818.  OesammeUe  Abhandlungen, 
Leipzig,  1875,  Bd.  ii.  p.  80. 
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produced  by  about  20  impulses  in  a  second.  A  rabbit,  however, 
^^y>  ^y  nieans  of  its  muscles,  retain  its  limbs  in  a  state  of  complete 
equilibrium.  Are  then  intense  electrical  currents  incapable  of  pro- 
ducing eflFects  resembling  those  produced  by  a  voluntary  impulse? 

This  unexpected  dilemma,  the  result  of  Ranvier's  investigations, 
led  us  to  subject  the  new  facts  to  an  experimental  examination. 


Arrangement  of  the  Experiments. 

Our  experiments  were  arranged  thus.  The  rabbit  was  fixed  on  a 
Czermak's  rabbit-holder.  After  separating  the  tendon  of  the  red 
aoleus  from  the  adherent  fibres  and  tendons  of  the  other  leg-muscles, 
the  adjacent,  thicker,  white  gastrocnemius  medialis  (Krause)  was  easily 
isolated.  The  two  separated  tendons  were  fixed  by  means  of  stout 
threads  passing  over  rollers  to  two  levers  (20  grms.  weight),  which  wrote 
one  above  the  other  the  muscular  contractions,  enlarged  two  times, 
upon  a  kymographion  cylinder  covered  with  smoked  albuminised  paper. 
For  electrodes  platinum  needles  were  used,  which  were  either  pushed 
into  the  muscle  itself  (in  curarised  animals),  or  applied  to  the  sciatic 
nerve  after  its  central  end  had  been  crushed.  The  induction  shocks 
were  derived  from  the  secondary  coil  of  a  large  du  Bois-Reymond's 
induction  machine,  put  in  action  by  two  large  Grove's  elements.  The 
interruption  of  the  primary  circuit  was  produced  aj3  required  by 

(1)  A  Ruhmkorff's  interrupter  (2  to  12  openings  and  closings 
per  sec.*),  or 

(2)  Konig's  tuning-fork  (160  or  180  half  vibrations  per  sec),  of 

(3)  The  Wagner's  hammer  on  the  induction  machine  (40  to  60 
per  sec.),  or 

(4)  A  piece  of  foil  which  was  fixed  in  Konig's  tuning-fork 
holder  kept  in  vibration  like  a  Wagner's  hammer.  A  clamp,  similar 
to  that  employed  in  Bernstein's  "Acoustic  interruptor,"  was  made 
to  shorten  the  vibrating  pieces  of  the  foil  and  thus  increase  the  fre- 
quency of  vibration ;  by  means  of  a  movable  weight  the  number  of 
vibrations  could  be  diminished^  so  that  12  to  114  stimuli  per  second 
could  be  obtained. 

*  Compare  W.  Stirling,  Summation  Elektrisoher  Hautreize,  Arh,  aus  d,  phyi, 
Arutalt  zu  Leipzig ^  1S74,  p.  223,  and  Journal  of  Anal,  and  Phyiiology,  Vol.  x.  p.  824. 
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Lastly,  we  employed  (Fig.  5)  a  new  apparatus  which  one  cf  us 
constructed  for  this  purpose,  and  named  Tone-Inductorium, 

This  apparatus  is  in  principle  identical  with  an  arrangement  de- 
vised by  E.  Warburg  for  studying  the  effects  of  longitudinal  tone 
vibrations  in  an  electro- magnetic  iron  rod  on  its  magnetic  properties. 
Warburg*  took  an  iron  rod  1890  mm.  long  and  clamped  it  firmly  in 
the  middle,  and  then  produced  the  longitudinal  fundamental  tone  of 
1300  vibrations  per  second,  by  rubbing  the  rod  with  a  piece  of  leather 
covered  with  resin.  He  pushed  over  one  half  of  the  rod  a  magnetic 
spiral  of  nearly  equal  length,  and  over  the  other  half,  near  the  node, 
a  short  induction  coil  connected  with  a  reflecting  dynamometer.  Two 
Bunsen's  elements  yielded  the  inducing  current.  When  the  rod 
on  being  strongly  rubbed  sounded,  the  reflecting  dynamometer  was, 
by  means  of  the  induced  current,  moderately  deflected  (excursion  of 
30 — 50  units  on  scale),  but  there  was  only  a  slight  deflection  or  none 
when  the  induction  coil  surrounded  the  end  of  the  rod.  When  the 
rod  had  been  well  annealed,  its  tone  vibrations  caused  strong  induced 
currents  (500 — ^603  units  of  deflection  on  scale)  in  the  secondary  coil 
at  the  node.    A  steel  rod  gave  no  results. 

When  the  strong  induced  currents  were  conducted  through  a  gal- 
vanometer instead  of  a  dynamometer  there  was  no  deviation  of  the 
needle,  but  only  irregular  movements,  which  were  caused  by  vibrations 
of  the  rod  during  the  rubbing.  The  induced  currents  of  equal  strength 
acted  on  the  needle  alternatively  in  opposite  directions. 

We  repeated  these  experiments,  and  in  place  of  the  dynamometer 
introduced  into  the  circuit  the  sciatic  nerve  of  an  ordinary  frog's 
nerve-muscle  preparation,  and  obtained  very  strong  tetanus,  when  the 
rubbed  rod  emitted  a  tone.  The  primary  spiral  does  not  require  to  be 
80  long  as  indicated  by  Warburg,  in  fact,  the  primary  spiral  of  a  small 
induction  machine,  put  in  action  by  a  single  Grove's  element,  is  suffi- 
cient to  produce  strong  tetanising  currents  in  the  secondary  spiral  pushed 
over  the  other  end  of  the  rod.  But  the  tones,  obtained  by  rubbing  the 
rod  with  a  glove  dusted  with  resin,  were  very  irregular  and  short  We 
tried  therefore  to  obtain  uniform  continuous  friction  of  variable  amount 
by  means  of  revolving  leather  rollers.  We  also  observed  that  the 
length  of  the  iron  rod  might  be  considerably  diminished  without  the 

*  E.  Warburg,  Ueber  d.  Einflnss  tonender  Schwingongen  anf  d.  Magnetismns  des 
Eisens,  Poggendorff*8  Annalerit  Bd.  cxzxix.  p.  499.  Monatth,  d.  Berl,  Akad.  d.  Wis- 
^emeh,  1869,  p.  857.    Compare  ForUchritU  der  Phyaik  in  1870,  p.  228.    Berlin,  1875. 
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tetanus  in  the  stimulated  frog's  limb  disappearing.     At  last  our  tone- 
inductorium  took  quite  a  portable  form  and  size. 

Fig.  5  represents  the  apparatus  diminished  about  J  (linear).  The 
round  1  em.  thick  rod  d,  made  of  weU-annealed  homogeueoiis  iron,  paases 
through  a  hole,  lined  with  brass,  in  an  iron  stand,  and  is  fixed  by 
means  of  the  screw  a  at  its  middle  point,  this  being  marked  by  a  shallow 
notch.     The  primary  spiral  «'  and  the  secondary  s"  with  its  key  rest 
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on  wooden  supports,,  and  are  pushed  over  both  ends  of  the  iron  rod. 
One  end  of  the  rod  lies  between  the  leather  rollers  /  and  g,  which  are 
firmly  fixed  on  rigid  axles  with  the  toothed  wheels  h.  These  are  fixed 
in  an  iron  frame-work,  which  is  held  together  by  a  vice  at  the  place 
where  the  teeth  fit  one  into  another,  so  that  the  leather  rollers  can  be 
made  to  grasp  the  iron  rod  more  or  less  tightly.  This  is  accomplished 
by  means  of  a  regulating  screw  i.  In  this  way  the  leather  discs  can  be 
made  to  press  more  or  less  firmly  on  the  sounding  rod.  In  order  that 
the  rod  with  its  supports  may  not  be  displaced  by  the  revolving  discs, 
the  whole  is  fixed  by  the  screw  6  to  a  solid  block  of  wood.  By  means  of 
the  screw  c  the  weight  of  the  support  can  be  so  regulated  that  the  rod 
presses  equally  on  the  two  discs.  One  great  diflBculty  was  to  keep  the 
friction,  and  thereby  the  tone,  quite  uniform.  The  slightest  inequali- 
ties, or  dififerences  in  adhesion  of  the  leather  surfaces,  or  the  slightest 
excentricity  of  the  revolving  discs  themselves,  produced  variations  in 
the  intensity  of  the  longitudinal  tones,  and  thus  produced  tetanus.  The 
discs  are  made  of  compressed  homogeneous  leather.  They  are  cut 
perfectly  round,  and  their  edges  ground  smooth  with  emery  paper.  The 
resin  dusted  on  the  discs  must  be  very  finely  pulverised,  and  uni- 
formly distributed;  if  it  is  not  so  the  discs  become  irregular,  and 
the  tone  is  interrupted.  To  obtain  a  uniform  tone,  the  discs  must  be 
rotated  at  a  uniform  speed,  but  not  too  quickly,  in  order  to  avoid 
heating  of  the  rod  and  melting  the  resin.  Under  favoumble  circum- 
stances the  tone  can  be  kept  constant  for  many  seconds,  and  the 
tetanus  thereby  produced  is  also  constant. 

The  number  of  longitudinal  vibrations  in  a  second,  corresponding 
to  the  fundamental  tone  of  the  rod,  is  calculated  according  to  the 
formula 

where 

JV=  Number  of  vibrations, 
L  =  Length  of  rod, 

g  =  Acceleration  by  gravity  =  9  808, 

€  =  Elastic  coefiicient  of  the  sounding  metal,  for  iron  =  20794000, 

8  =  Density  of  the  metal,  for  iron  =  7"74. 

As  tlie  height  of  the  tone  is  proportional  to  the  length  of  the  rod, 
but  independent  of  its  diameter,  it  is  possible  by  division  of  a  rod 
whose  frequency  of  vibration  is  known  (controlled  by  normal  tuning- 
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forks),  to  make  a  series  of  Dew  sounding  rods  whose  tone  is  exactly  esti- 
mated by  their  length.  By  means  of  this  instrument  we  can  produce 
from  1000  to  22000  alternating  induction  shocks  per  second*. 

This  method  of  stimulation  is  identical  in  principle  with  that  em- 
ployed by  Qrossmann-|-  and  Helmholtz}.  Still  the  transversely 
vibrating  rods  and  forks  employed  by  these  experimenters  to  produce 
alternating  induction  shocks  do  not  admit  of  such  constancy,  intensity 
and  frequency  in  the  shocks  obtained,  as  we  have  been  able  to  get  by 
means  of  the  longitudinal  vibrations. 

The  two  first  questions  we  had  to  solve  were,  how  many  induction 
shocks  are  required  to  produce  a  continuous  tetanus  curve  from  the  pale 
muscles  and  from  the  red  muscles  of  the  rabbit  respectively  ? 


What  is  the  smallest  number  of  stimuli  required  to  keep  the 
muscles  of  the  rabbit  in  a  state  of  uniform  tetanus  ? 

We  began  our  experiments  by  comparing  the  red  and  pale  muscles 
of  the  leg  of  the  rabbit,  applying  to  each  30  stimuli  per  sec. ;  for,  as 
already  pointed  out,  the  curve  of  contraction  of  a  rabbit's  muscle,  ac- 
cording to  Marey's  figure,  ought  to  have  reached  its  maximum  after 
^  sec,  and  of  course  more  than  25  stimuli  per  second  ought  to  produce 
a  continuous  tetanus.  The  tetanus  curve  (Fig.  6)  which  we  obtained 
had  a  continuous  course — just  as  we  expected. 

The  two  curves  differ,  however,  characteristically  one  from  the  other. 
The  upper  one  corresponding  to  the  red  muscle  (soleus)  does  not  rise  so 
abruptly,  and  falls  less  vertically  than  the  lower  one  obtained  from  the 
pale  muscle  {gastrocnemius  medialis).  The  height  of  the  contraction 
increased  with  the  intensity  of  the  induced  current  which  was  increased 
from  300  U,  to  900  f7.§,  without  however  the  course  of  the  curve  being 
essentially  modified.  After  we  had  determined  that  under  ordinary 
circumstances  30  stimuli  were  suflBcient  to  produce  complete  tetanus, 

*  Every  indaction  machine  can  be  arranged  for  this  apparatus.  Herr  Plath  (Eano- 
nierstrasse,  43,  Berlin)  makes  such  apparatus  ;  it  may  also  be  obtained  from  B.  Fulcher, 
3,  Downing  Terrace,  Cambridge. 

+  £.  du  Bois-Beymond,  Besohreibung  einiger  Yorrichtungen  und  Yersuchsweisen, 
<&c.,  AbJiandl.  d,  kgl,  Akad,  d.  WUsenscht  zu  Berlin,  1862;  and  Gesammelte  AbhandL 
Bd.  I.  p.  170. 

X  H.  Helmholtz,  Ueber  das  Muskelgeraiischy  loe,  cit, 

§  The  units  in  the  induction  machine  were  estimated  by  means  of  a  modification  of 
Fick's  method  of  calibration.  Compare  H.  Eronecker,  ** Ueber  die  ErmUdung  und 
Erholung  d.  querge-st.  Muskeln/*  Arb.  aus  d.  phy»iolog,  Anstalt  xu  Leipzig^  1871,  p.  186. 

27—2 


White  (lower  i'iine|  aiiJ  red  (upper)  masclBi  o(  a  rabbit  tetnniBed  by  iuduction  « 
foUowiDg  e&cb  other  at  iiitunalH  u(  j'g  Reu,     Each  tetanus  lusted  aboat  2  seen. 
tbe  pauaea  between  the  periods  of  etiniulstioD  1  mm.     Tbe  iuteodt)'  of  the  oiiTTelil| 
was  umreaaed  from  300  to  900  ooitB.    Tbe  Ibweet  liue  iudicates  half-Beeonds. 

we  then  tested  the  effeeta  of  atinnuli  which  would  not  be  sufficiODH^ 
tu  produce  a  tetanus.  The  next  pair  of  carves  were  obtained  from  Team 
and  pale  muscles,  which  were  both  stinmlated  by  the  same  current  au 
intervals  of  ■f^aec. 

Here  the  tetanus  of  the  red  (upper)  muscle  is  almost  continuoual 
The  individual  stimuli  are  only  indicated  by  fine  projections,  whilst  ii 
the  pale  muscle  (lower)  the  indentations  of  the  curve  are  very  deep^l 
But  ftill  the  c«intractiuus  have  to  a  considerable  extent  run  one  into] 
the  other. 

An  interval  uf  ^sec.  betweeii  tlie  atiimili,  uh  Fig.  8  shuw^  alio' 

FiB.  7.  Ki!!,  ». 


Strength  of  Btimiilas  ISO  onil 
lnt«rval  ot  ■timnUtiuu  j',". 


Interval  of  atitnnlation  J". 
The  eloHing  Eliocks  not  completel;  nantnb  I 
iNod  eanHE  iudeutiLtions  in  the  onm 
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almost  complete  extension  of  the  pale  muscle,  wliilt-t  the  red  one  still 
\  remains  contracted. 

Even  an  interval  of  J  sec.  between  the  stimuli  is  sufficient  to  pre- 
I  vent  a  somewhat  exhausted  pale  muscle  from  completing  its  contraction, 
I  whilst  the  red  muscle,  under  the  same  conditions,  indicates  the  indi- 
vidual shocks  much  less  completely. 

Fig.  9  gives  the  heginning  of  a  long  series  of  contractions,  which 
when  continued  for  minutes  did  not  change  their  character. 


Opetiiog  auil  oluBiuK  iuduuliuu  eurrHuw  uf  ilOU  luiita  wore  iininl  t<>  Btiiuiilate  lit  iutsntals 
ot  i  sea.  the  wbite  (lower  curve)  and  red  (npper  eoire)  moBclea  of  ■  nbbit.  The 
lotretit  line  mHrkt  aeeouds. 

In  order  to  analyse  the  result  of  the  above  experiments,  it  was 
necesBarj  to  determinp  the  duration  of  a  single  contraction  of  the  red 
and  pale  muscles.  The  following  figure  (10)  indicates  a  simple  con- 
traction of  a  pale  muscle  and  that  of  a  red  muscle  of  the  rabbit,  written 
one  directly  over  the  other,  on  a  rapidly  revolving  cylinder.  An  open- 
ing induction  shock  was  applied  to  the  nerve,  and  both  muscles  were 
thus  stimulated  simultaneously. 


Curve  ot  silD))!^  caotractioii  of  pole  (Inner  mrve)  uiiU  ri 
alimnlated  by  a  Htrong  inductiun  shock  applied  tu 
Riancles.  The  primary  oircnit  was  opened  by  mer 
The  loweit  line  ia  divided  into  ^J,  see. 


F  curve)  iDiU'cle  «(  rabbit 
ilic  nerve  aapplyinf;  bntb 
t.  good  platinum  eontnct. 
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Tl»e  difference  in  the  course  of  tbeae  two  contractions  appears  eveit 
more  pronounced,  than  in  the  curves  obtained  from  the  tetanised  mufti 
cle.  Apart  from  the  period  of  latent  stimulation  which  Ranvier  found 
to  be  four  times  larger  than  in  the  pale  muscles,  and  apart  from  tha 
relation  of  the  curve  to  the  abscissa,  the  aimple  contraction  of  the  red 
muscle  lasts  almost  three  times  as  long  a^  that  of  the  pale  one. 

The  contractions  of  the  pale  and  red  muscles  produced  by  closing 
induction  shocks,  as  shown  in  Fig.  11,'  differ  from  each  other  in  lengthy 

Fie.  11.  i 

A  Htro  g  oloBiDg  fihoolc  KtimtllttteB  the  Bcialio  iiffTe  nii.l  oiiiiBeH  a  contraotion  in  tha  pftia 
(low«r  ourve)  nn  well  aa  in  the  red  part  of  the  rabbit's  gutrooiieminH.  Loweat  lin*  ia 
divided  into  rh  neo. 

almost  as  much  as  the  two  opening  contractions,  but  the  initial  part  o£ 
the  curve  of  the  pale  muscle  has  a  course  similar  to  that  of  the  red  ona^, 
and  does  not  rise  so  abruptly  aa  the  opening  contraction*. 

When  the  tendons  of  the  white  and  red  muscles  were  fixed  to- 
gether, as  they  are  arranged  under  normal  conditions,  the  curve  ob- 
tained from  the  tendo  achillis  was  of  a  mixed  character,  aa  shown  ia 
Fig  12- 

It  is  obvious  that  the  contractions  caused  by  both  closing  bii4 
opening  induction  shocks  laat  as  long  as  the  contraction  characteristie 
of  the  red  muscles;  that  the  cloBing  contraction  rises  slowly  and  flat 
(vide  Fig.  11);  that,  on  the  contrary,  the  curve  of  the  opening  con- 
traction rises  much  more  abruptly ;  and  after  slight  variations  in  its 
course  falls  very  gradually.  In  shortening,  therefore,  it  appears  that 
the  pale  musclus  are  principally  concerned,  whilst  the  rM  parts  hinder 

*  llie  cause  ot  this  ma;  perhaps  be  that  the  complete  closure  of  the  ciirreut  b;  solid 
cnntMta  does  not  occur  so  snddenl;  oa  (he  opening.  E.  Brucke  ia  a  receat  paper  ("  Ceber 
willkiirliohe  nnd  kranipfhafta  Bewegungeu,"  SiUtmgtb.  d.  kait.  Akad.  d.  WUtrnieh.  tn. 
Abth.  1877,  p.  31)  points  ont  that  E.  t.  Floischl,  in  experiments  with  his  rhttonoma, 
has  observed  cases  "where  masotes  which  contracted  like  ordinorjr  muaclea  to  other 
atimu  i,  contracted  eitremel^  slowl;  dnring  the  rotation  ol  the  rheonome,  much  more 
slowly  than  from  atimulation  ot  the  nervp,  even  of  verv  (atiRned  muscles." 
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Vtie  and  red  tnnBoles  imilcd  &nd  stimulated  by  ■  cloBUjg  uulDotian  ahocli  gave  the  lutrar 
eurre,  bj  m  opeaiug  Bbook  the  tipper.     The  loneat  line  mdicstes  ^  eec. 

tbe  relaxation.  We  have  ttius  obtained  aU  the  data  necessary  to  deter- 
mine beforehand  what  mechanical  effects  will  result  from  stimulation 
of  the  pale,  red  and  mixed  muscles  of  the  rabbit. 

In  having  shown  that  the  duration  of  a  contraction  of  the  fresh  pale 
muscle  of  the  rabbit  is  nearly  }  of  a  second,  thai  of  the  red  over  J  sec., 
and  further  that  t)ie  maximum  of  contraction  of  the  former  is  reached 
in  about  ^^  Bee,  that  of  the  red  after  ^  —  ^  sec,  the  result  of  the  above 
experiments  is  thereby  explained. 

The  red  muscle  of  the  rabbit  is  thrown  by  4  stimuli  per 
second  into  an  incomplete  tetanus,  and  by  10  stimuli  per 
seconil  into  a  tolerably  complete  tetanus.  The  pale  muscle 
of  tho  rabbit  requires  20 — 30  to  be  completely  tetanised,  <\ 
induction  shocks  per  second  prevent  it  from  becoming  com- 
pletely  extended   during   the  period  of  stimulation. 

These  resulta  eKplain  the  difference  In  the  height  of  the  con- 
tractions. 

It  is  obvious  ^um  Fig.  6  that  when  completely  tetanised  the  red 
muscles  are  less  excitable  than  the  pale,  in  that  they  require  stronger 
stimuli  to  be  stimulated  to  their  maxima,  and  (although  they  are 
nearly  as  long  as  the  pale)  in  the  majority  of  cases  cannot  he  caused  to 
contract  even  by  intense  currents  to  such  an  extent  as  the  pale  ones. 

On  the  contrary,  with  a  less  frequency  of  stimulation  (Fig.  7. 8)  we 
have  seen  that  the  tetanus  curve  of  the  red  muscle  rises  considerably 
higher  than  that  of.  the  pale  muscle.  This  is  so,  because  currents 
stimulating  the  red  muscle  at  intervals  of  ^  or  even  J  aec.  are  so 
applied,  that  the  simple  contractions  forming  the  tetanus  are  super- 
imposed in  the  ascending  part  of  the  curve. 

With  the  palo  muscle  such  frequency  of  stimulation  permits  its 
contractions  to  pa.?a  into  the  descending  part  of  the  curve.    The  n 
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of  the  resulting  curves  do  not  rise  essentially  above  the  first  maximum 
of  a  simple  contraction. 

A  stimulus^  applied  to  the  muscle  in  an  advanced  stage  of 
relaxation,  does  not  follow  the  law  of  Helmholtz,  by  becoming 
added  to  the  remainder  of  the  contraction,  but  produces  a 
new  maximum,  which  is  the  same  or  lower  than  the  pre- 
ceding o|ie. 

Thus,  vnder  certain  circumstances,  muscles  of  the  limbs  stimulated 
interruptedly  conduct  themselves  in  a  manner  similar  to  the  ventricle 
of  the  frog's  heart  stimulated  with  rapidly  following  shocks,  which  we 
have  shown  do  not  throw  it  into  an  actual  tetanus  *. 

It  is  not  unfrequently  observed  that  in  a  frog's  muscle  the  first  three 
or  four  contractions  of  a  partial  tetanus  cause  it  to  rise  much  above 
the  height  of  a  simple  contraction,  to  which  however  it  soon  sinks,  just 
as  the  initial  part  of  a  complete  tetanus  frequently  (but  not  always) 
produces  an  acute  crest  in  the  curve.  The  cause  of  this  is  still  unknown. 
It  is  however  not  identical  with  Fick's  "  WurfhShe." 

On  comparing  our  results  with  those  of  Ranvier,  we  remark  strik- 
ing differences.  It  is  true  that  the  continuous  tetanus  curve  which 
Ran V  ier  obtained  from  the  red  M.  semttendinosus  (by  357  shocks  per  sec.) 
resembles  the  curve  obtained  by  us  with  30  shocks  per  sec.  from  the 
red  8oleu8  (Fig.  6),  and  his  Fig.  2  the  pale  adductor  magnua  (copied  by 
us  as  Fig.  4)  resembles  Fig.  7,  obtained  by  us  from  a  pale  muscle.  The 
indentations  in  Ranvier's  curve  are  said  to  indicate  ^  of  a  second, 
whilst  ours  indicate  ^^  sec.  To  explain  these  differences  we  have  the 
following  possibilities.  The  first  is,  that  the  number  of  stimuli  calcu- 
lated is  greater  than  those  actually  effective.  Such  a  mistake  has 
happened  even  to  the  best  experimenters  in  all  tetanus  experiments, 
before  (and  often  after)  the  control  by  means  of  the  muscle-tone  was 
introduced  by  Helmholtz.  The  number  of  effective  stimuli  is  reckoned 
from  the  height  of  the  tone  of  the  vibrating  interrupting  spring  or 
tuning-fork.  It  is  assumed  that  each  complete  vibration  produces  a 
closure  and  opening  of  the  primary  current  and  thereby  two  induction 
shocks,  that  all  these  currents  are  so  far  similar,  that  each  can  discharge 
a  contraction.  The  alternating  unequal  strength  of  the  closing  and 
opening  shocks  obtained  with  the  usual  mode  of  tetanising  (even  with 
Uelmholtz's  modification)^ ,  and  with  the  most  complete  arrangements 


•  (( 


Das  oharaoteristische  Merkmal.  d.  Herzmuskelbewegiing."     Beitr,  lu  Anat.  v. 
Physiolog.  1874.     Carl  Ludwig  gewidmet.  1874. 

t  Stirling,  Arb.  aut  d.  physiolog,  Intt.  zu  Leipzig.    1875,  pp.  231,  245. 
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for  contact,  may  frustrate  our  CHlculutiun  of  tiie  frequi^ocy  or  number  of 
gbocks  producing  the  tetanus.  These  sourceij  of  error  appear  to  UB  to 
be  very  worthy  of  observation,  hence  we  shall  illustrate  by  stime  ex- 
amples the  effects  of  stimulation  of  the  muscles  with  alternating 
currents. 

Oue  of  us*  has  shown  that  the  fatigue-curve  of  a  frog's  muscle 
which  was  stimulated  with  alternating  strong  and  weak  currents  has 
quite  a  Special  course ;  the  fatigue-curve  produced  by  the  weak  stimuli 
falls  more  abruptly  than  that  peculiar  to  the  strong  stimuli.  If  the 
weak  stimuli  can  only  produce  contractions  (Triceps  fenioris  of  frog)  of 
I  to  2  ram.,  the  fatigue-curve  belonging  to  the  maximum  series  of  con- 
tractions falls  less  abruptly,  as  if  the  frequency  uf  stiuiuhitii-n  had  been 
halved. 

A  similar  result  occurs  when  the  stimuli  are  so  weakened  that  the 
closing  shocks  are  only  slightly  active. 

A  muscle  stimulated  with  unequal  alternating  currents  conducts 
itself  like  one  stimulated  with  shocks  of  half  the  frequency,  hs  soon  as 
the  one  kind  of  current  either  absolutely  or  in  relation  to  the  fatigued 
muscle  has  become  very  weak. 

The  following  Figure  (13)  ia  intended  to  illustrate  this  condition. 
Five  irO  six  induction  shocks  were  applied  to  the  muscle  per  second. 


StlmiiU  of  varTing  iDtenaitj  (HM) — SOU  d.)  were  applied  to  the  tiioeps  temorii  of  a  frog. 
Fre<]aeao;  of  slimulation  S  to  G  in  aee.     Slowl;  ravolviug  cjlinilar. 

Closing  shocks  gave  maximum  contractions  like  the  opening  i  nes  when 
the  secondary  spiral  was  nearly  over  the  primary  (800  units). 

The  closing  shocks  were  quite  inactive  when  the  stimulating  current 

was  made  eight  times  weaker  (100  units).     Then  the  tone-producing 

action  of  the  stimuli  also  ceased,  so  that  the  muscle  obtained  time  in 

the  intervals  between  two  active  stimuli  to  become  almost  completely 

•  KrnRe(iker,I.f,p.3SS.    Tiegel,  l.f.  p.  18. 
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extended,  whilst  it  was  more  and  more  prevented  from  doing  this  the.^ 
stronger  the  stimuli  employed. 

A  series  of  uniform  contractions  produced  by  induction  sboclcs  mayl 
be  obtained  by  means  of  an  interrupter  in  two  ways:  either  by  choosing! 
currents  so  strong  that  the  closing  shucks  yield  maximum  con  tract  ions*  J 


•  The  doubt  eiprenntd  by  I'MiiliO  [PfUiger'a 
Rhncks  which  are  mttiimiil  (or  tbe  fresh  muBcle  r 
solved  bf  Tiegel,  1. 1.  p.  1<>. 


IIP,  Bd.  viii.p.31T)«bether  oloiiDg 
u  80  for  tBtigaed  moscles  hu  bMn 
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or  by  selecting  currents  so  weak  that  the  closing  shocks  remain  (luite 
inactive. 

Fig.  li,  taken  from  curves  of  incomplete  tetanus  with  a  long  interval 
between  the  stimuli,  illustrates  both  these  cases. 

One  ought  to  increase  the  strength  of  the  current  and  thus  the 
total  elevation,  so  that  the  closing  shock  produces  an  obvious  stimula- 
tion of  the  fresh  muscle  without  acting  injuriously  on  it  at  a  later 
period.     The   muscle   then  acts  like  one  stimulated  with  stimuli  of   ' 
half  the  frequency. 

It  is  more  difficult  so  to  arrange  that  the  interval  between  the 
closing  and  the  following  opening  shock  shall  be  of  the  same  duration 
as  that  between  the  opening  and  the  following  closing  shock.  This  is 
obtained  with  a  vibrating  interrupter  when  care  is  taken  that  the  rod 
vibrates  freely,  and  that  in  the  position  of  rest  the  end  which  closes  the 
circuit  just  touches  the  surface  of  the  mercury  contact.  That,  in  spite 
of  the  mercury  being  tolerably  quickly  used  up  through  oxidation  by 
the  opening  shocks,  the  level  of  the  mercury  may  remain  constant  is 
provided  for  by  the  self-regulating  hydro  micrometer*. 

FiR.  16. 


Triceps  of  iTog  Bttmnlateit  with  strong  japemug)  and  very  weak  (cloniag)  mdiiction  Bbockl 
nt  ,<,  eeu.  interval.  Tlie  cfUnder  onl;  atttuned  its  Domplete  rapidity  aiXei  the  begin- 
mog  of  the  experiment. 

Tetanus  experiments  obtained  by  interruption  of  the  current  with 
a  dry  contact  are  not  to  be  compared  with  the  experiments  made  with 
the  capillary  contact. 

We  once  used  for  stimulation  of  the  rabbit's  muscles  a  Koenigs 
tuning-fork  of  180  vibrations,  whose  cups  were  filled  with  clean  mer- 
cury; this  was  introduced  into  the  primary  circuit  and  we  obtained 
curves,  of  which  we  reproduce  two  pairs  (Fig.  16).  The  pale  muscle 
indicates  in  a  very  irregular  manner  in  the  first  case  about  13,  in  the 
second  only  6  stimuli  per  second.     The  sluggish  red  muscle  only  indi- 

•  Ari-Mrf.  Axat.  «,  Fhytiol.  1877,  p.  677. 
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J  red  luuiwlcb  of  rabbit  nlimulateil  by  n  mews  of  luiiiii.' 
interraptijig  an  eliictrioal  oircnjt  bj  a  tuumg-fork  ;ieUitig  1 


□  sliuoke  prorianvd  bj 
vibriUiotiB  per  sec. 


caleB  the  coaraeat  faults  in  the  contact.  One  who  did  not  know  the 
i-apidity  of  revolution  of  the  cylinder  and  who  depended  on  the  tuning- 
fork,  might  take  each  interval  between  the  indentations  of  the  C 
for  yj,  of  a  second. 

Our  method  of  investigation  wiis  esaentinUy  different  from  that  of  1 
Ranvier.     Ranvier,  by  means  of  the  pince  myograph ique.  measured   ■ 
the  thickening  of  the  muscle,  enlarged  considerably,  whilst  we  regis- 
tered the  shortening  amplified   twice.     Marey'  himself  has  ahnwn 
that  the  tambour  gives  rise  to  "deformation"  in  the  curves  of  rapid 
muscular  contractions,  while  "mouvements  vibratoires"  {e.g.,  those  of 
tuning-forks),  on  the  contrary,  can  be  transferred,  as  far  as  regards  ■ 
number,  quite  faithfully.     It  is  possible  therefore  for  rapid  quiverings 
of  the  tetanised  muscle  to  give  rise  in   the  pince   myographique  to   , 
oscillations  of  the  lever  of  proportionately  large  amplitude;  and  these 
may  be  mistaken  for  indications  of  actual  thickenings  of  the  muscle. 

£lectrical  variations  are  shown  by  the  dynamometer  and  the  ' 
secondarily  stimulated  frog's  leg;  a  glittering  appearance  is  observed  on  ' 
the  glancing  surface  of  a  tetanised  muscle,  and  E  Briicke'f'  ha 
seen  it  through  tbe  skin  of  the  ami  of  a  man  ;  with  the  finger  one  feels  j 
a  thrill,  the  practised  ear  hears  a  nmscle-tone,  and  a  properly  registered 
tuning-fork  of  the  proper  pitch  ia  thrown  into  vibration.  Even  a  tightly  J 
stretched  threail  fixed  to  the  tendon  of  a  tetanised  muscle  is  throw 
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(like  the   thread-telephone)   into   longitudinal   vibrations,  which  give 
obvious  impulses  to  an  easily  moveable  lever*. 

Are  the  vibrations  of  a  tetanised  muscle  necessary  accompani- 
ments and  signs  of  the  discontinuous  molecular  condition 
which  characterises  tetanus? 

Does  tetanus  cease  when  the  muscular  vibrations  cease  to  be  ob- 
servable? It  is  generally  accepted  that  the  extent  of  the  individual 
vibration^  diminishes  when  the  stimuli  have  become  very  frequent. 
Helmholtz"}"  failed  to  hear  or  to  render  visible  by  vibrating  pens  the 
vibrations  of  a  contracted  frog's  muscle  when  he  used  600  vibrations  per 
sec.  as  a  stimulus  to  produce  the  tetanus.  The  tone  of  120  vibrations 
was  heard  only  feebly  in  a  tetanised  frog's  muscle :  a  similar  tone  of 
204  strongly^  in  the  human  arm.  Bernstein  Xt  on  applying  748  stimuli 
per  sec.  to  the  sciatic  nerve  of  a  rabbit,  heard  quite  distinctly  a  tone  of 
748  vibrations  in  its  leg  muscles ;  faintly  one  of  933  vibrations,  whilst 
with  1056  shocks  in  the  tetanically  contracted  muscles  he  could  per- 
ceive tones  which  were  a  fifth  or  an  octave  lower  than  the  tone  given 
by  the  stimulating  current.  Beri3?steiu  ass^imes  "a  not  unimportant 
relation  between  the  muscular  tone^  the  contraction,  and  the  negative 
variation."  "  Since  each  vibration  of  the  muscular  tone  coincides  with 
a  negative  variation  of  the  muscle  current,  the  assumption  is  very  pro- 
bable, that  the  eufeeblement  of  the  tone  of  300-400  vibrations  depends 
on  the  duration  of  the  negative  variation  which  lasts  about  -^  sec. 
For  this  process  gives  us  the  changes  of  condition  in  tetanus,  and  as 
soon  as  the  variations  begin  to  fuse  into  each  other,  then  the  condition 
of  the  muscle  varies  within  narrower  limits.  Hence  from  this  point 
there  is  observable  together  with  the  enfeeblement  of  the  tone  the 
appearance  of  the  initial  contraction." 

According  to  this  view,  the  above  question  whether  the  mechanical 
effects  of  tetanus  cease  when  the  vibrations  become  inappreciable, 
ought  to  be  answered  in  the  affirmative. 

We  have,  however,  made  the  observation  that  when  we  stimulate 
the  sciatic  nerve  of  the  rabbit  with  a  Koenig's  tuning-fork  (of  180 
vibrations)  introduced  into  the  primary  circuit,  or  by  means  of  a 
rapidly  vibrating  Wagner*s  hammer,  one  hears  the  tone  of  the  pale  leg 

*  Engelmann,  Beitrg.  z.  allgem.  Muskel-  and  NexrenphTB.   Pflfiger's  Archir,  1871, 
Bd.  IT.  p.  16.   Anm. 

t  Op,  c.  1864  and  1866. 

X  Pfliiger^s  Archiv,  Bd.  xi.  p.  193. 
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muscles  with  all  the  peculiarities  of  its  timbre,  as  if  the  conducting 
wires  were  conductors  of  sound,  whilst  in  the  red  muscle  a  dull  tone  can 
only  be  detected  with  slow  stimulation.  Yet  both  kinds  of  muscles 
contract  in  the  way  described  with  the  greatest  frequency  of  stimulation 
just  as  with  the  smallest. 

The  muscular  tone  therefore  is  a  valuable  sign  and  measure  of  the 
tone  of  periodically  changing  molecular  movements,  but  the  mechanical 
eflfect  of  the  tetanus  is  by  no  means  connected  with  the  detection  of 
the  elastic  vibrations  in  the  muscle.  Thus  the  conclusion  is  just,  that 
when  the  nerve  of  an  ordinary  nerve-muscle  preparation  of  a  frog  is 
placed  on  a  contracted  muscle  and  is  tetanised,  the  primary  contraction 
produces  rapid  successive  variations  in  the  current,  i.e.,  has  a  discon- 
tinuous character;  but  though  the  secondary  tetanus  is  wanting  it  is  not 
necessary  to  accept  the  electrically  continuous  nature  of  the  primary 
procesa 

After  du  Bois-Reymond,  thirty  years  ago,  had  shown  the  electrical 
origin  of  secondary  tetanus,  he  undertook  by  means  of  this  reagent  to 
show  the  interrupted  nature  of  " strychnine-tetanus."  He  says*,  "If 
the  experiment  is  successful,  i.e.,  if  the  tetanus  appears  at  the  right 
time,  and  with  sufficient  energy,  the  rheoscopic  limb  is  seen  to  be 
thrown  into  a  connected,  although  not  closely  apposed,  series  of  weak 
contractions.  Often  it  remains  at  rest :  the  above  conditions  are  then 
not  fulfilled,  the  nerve  of  the  rheoscopic  limb  before  the  beginning  of 
the  tetanus  has  lost  too  much  of  its  excitability,  the  spasm  itself  has 
not  the  necessary  amount  of  intensity."  "  This  spasm  is  like  the  elec- 
trical and  probably  also  like  most  other  tetanic  contractions,  actually  of 
an  interrupted  nature." 

Harless,  on  the  contrary,  in  his  *'  Analyse  der  Willkiirlichen  Bewe- 
gungew^"  holds  that  it  is  continuous  and  essentially  different  from 
tetanic  muscular  contraction,  because  his  rheoscopic  preparation  was 
always  thrown  only  into  a  simple  contraction  by  the  voluntarily 
moved  frog's  muscle. 

J.  J.  FriedrichJ  made  some  experiments  in  the  Physiological 
Institute  of  Prague  "On  physiological  tetanus  with  the  aid  of  a  rheo- 
scopic nerve-muscle  preparation,"  and  showed  that  "  neither  the  open- 
ing nor  the  closing  tetanus,  nor  the  strychnine  spasm  caused  tetanus  of 

•  Untersuch.  itb.  thier.  Electr.    Berlin,  1849.     Vol.  ii.  p.  615. 

t  Henle  and  Pfeuffer's  Zeitsch,  f.  rat.  Med.  Dritte  Reihe,  Bd.  xiv.    1862.    E. 
Brlicke,  op.  c.  p.  1. 

X  Sitzungsb.  d.  Akad.  d.  WUsensch.  Bd.  lxxii.  p.  413. 
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the  rheoscopic  limb,  but  only  a  simple  secondary  contraction,"  whilst  in 
the  case  where  the  primary  muscle  was  tetanised  artificially  through  its 
nerve,  a  weak  primary  tetanus  almost  invariably  gave  a  secondary  te- 
tanus. Even  E.  Hering  did  not  succeed  "in  obtaining  secondary  tetanus 
in  a  proper  nerve-muscle  preparation  "  when  applied  to  the  contracted 
diaphragm  of  a  cat  which  was  breathing  spasmodically,  although  the 
preparations  passed  at  once  into  secondary  tetanus  when  Hering  tetan- 
ised the  phrenic  nerve  feebly,  and  although  it  gave  a  tertiary  simple 
contraction  when  the  phrenic  nerve  was  placed  on  the  still  contracting 
heart,  and  thus  threw  the  diaphragm  into  rhjrthmical  secondary  con- 
tractions through  the  heart  beats.  From  all  these  facts  the  author  con- 
eluded  that  "  there  is  no  conclusive  evidence  for  the  oscillatory  activity 
of  a  muscle  thrown  into  opening  or  closing  tetanus,  although  there  is 
nothing  to  hinder  one  from  assuming  that  it  is  so,  and,  further,  that  the 
internal  oscillations  of  a  muscle  thrown  into  tetanus  by  stimulation  of 
a  nerve-centre  can  be  proved  only  through  the  muscular  tone*." 

Without  however  citing  this  paper  Morat  and  Toussaint-f",  in 
Chauveau's  Laboratory,  have  also  tried  to  analyse  the  electrical 
properties  of  tetanus  by  means  of  the  secondary  contraction  (which  they, 
following  Matteucci,  call  the  "induced  contraction")  and  arrived  at 
the  following  conclusions : 

(1)  The  electrical  condition  of  a  muscle  tetanised  by  the  will 
exhibits  no  variations.  The  electrical  condition  present  at  the  begin- 
ning of  the  contraction  remains  constant  during  the  contraction  like 
the  mechanical  phenomenon  of  the  contraction. 

(2)  It  is  doubtful  whether  the  systole  of  the  heart  is  to  be  regarded 
as  a  simple  contraction  or  as  a  tetanus. 

(3)  Tetanus  induced  by  electrical  shocks  is  at  one  time  discon- 
tinuous, at  another  continuous ;  the  latter  occurs  with  great  frequency 
of  the  stimuli  and  with  fatigue  of  the  stimulated  muscle. 

(4)  A  tetanus  produced  by  a  constant  current  is  electrically  uni- 
form, or  exhibits  very  irregular  variations. 

These  authors  arrived  at  these  conclusions  from  the  conditions  of  a 
nerve-muscle  preparation  whose  nerve  was  placed  on  a  tetanised  gas- 
trocnemius muscle.     The  gastrocnemius  was  thrown  into  tetanus  either 

•  J.  J.  Friedrich,  op.c,  p.  424. 

t  Morat  etToassaint.   Variations  de T^tat  ^lectriqne  des  muscles  dans  les  difF^rents 
modes  de  contractions.    Archives  de  Phynologie,    Paris,  1877,  p.  156. 
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by  the  will  of  the  frog  or  by  unipolar  opening  induction  shocks. 
These  were  chosen  so  feeble,  however,  that  the  closing  shocks  were 
inactive.  They  found  that  voluntary  contractions  either  produced  no 
contraction  or  simple  secondary  contractions  at  the  beginning  or  end, 
or  with  sudden  variations  of  the  irregular  voluntary  tetanus,  and  say 
'*la  contraction  induite  dans  la  contraction  volontaire  n*est  point  la 
rfegle,  elle  n'est  qu'un  accident."  Tetanus  produced  electrically  caused 
secondary  tetanus  which  was  of  shorter  duration,  the  more  frequently 
the  primary  stimuli  were  applied,  and  the  more  fatigued  the  nerve. 

These  phenomena  are  easily  explicable,  without  resorting  to  new, 
improbable  assumptions  as  to  the  electrical  changes  in  tetanised 
muscles,  if  we  take  into  account  the  extraordinary  slight  intensity  of 
the  negative  variation  of  the  current  in  consequence  of  the  weakness 
of  the  (voluntary)  stimuli.  Even  the  strongest  voluntary  impulses  are 
far  from  being  sufficient  to  throw  a  muscle  into  the  maximum  of  con- 
traction*. 

The  fatigue  curve  of  sub-maximal  contractions  falls  more  abruptly, 
as  indicated  on  p.  397,  than  that  of  maximal  contractions'!*,  and  pro- 
bably it  falls  more  quickly  towards  the  abscissa  the  weaker  the  stimuli 
causing  the  single  contractions. 

Further,  the  fatigue-curve  of  a  muscle  caused  to  contract  at  shorter 
intervals  falls  more  rapidly  than  one  which  is  stimulated  less  frequently, 
and  it  is  probable  that  these  limits  are  also  valid  for  tetanised  muscles^. 
Since  muscles  stimulated  with  powerful  shocks,  when  they  have  been 
tetanised  for  a  long  time,  and  have  only  rested  for  a  short  time,  often 
exhibit  tetanus-curves  which  though  of  considerable  height  at  the  be- 
ginning sink  to  the  abscissa  line  in  the  space  of  one  or  a  few  contrac- 
tions, we  need  not  wonder  that  it  is  only  the  first  negative  variation 
of  the  muscle-current  of  a  series  of  extraordinary  weak  or  moderately 
weak,  but  frequent,  variations  which  is  able  to  excite  the  nerve  of 
the  secondary  frog's  leg. 

E.  Brucke§,  in  a  discussion  on  the  same  question,  gives  a  caution 
in  this  matter  in  the  following  woixis.  "  When  a  series  of  secondary 
contractions  are  obtained  we  have  a  right  to  conclude  that  the  primary 
discharges  are  discontinuous;  when,  however,  a  single  secondary  con- 

*  Compare  H.  Kronecker,  Arbeiten  atts.  d,  phys.  Anal,  lu  Leipzig^  1871.  -M. 
Foster,  Text-book  of  Physiology.     1877,  p.  66. 

t  H.  Krone oker,  op.  c.  p.  259,  and  T iegelt  Arb.  aus  d.  phys.  Anst.  lu  Leipzig ^  1875, 
p.  18. 

t  H.  Eronecker,  op.  c.  p.  220. 

§  £.  Briicke,  op.  c.  p.  1. 
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traction  only  is  obtained  we  have  no  right  to  conclude  that  they  are 
not  so."  "  We  may  doubtless  assume  that  in  discharges  such  as  we  can 
send  from  the  brain  to  the  muscles,  additions  take  place  under  all 
circumstances ! " 

This  agrees  with  a  series  of  observations  made  last  year  by 
N.  Baxt.  As  one  of  us  has  already  publicly  announced  in  a  pre- 
liminary communication  Baxt's  results,  we  may  quote  them  here. 
Baxt  found  that  the  simplest  possible  voluntary  contrac- 
tion (striking  with  the  index  finger)  occupies  on  an  average 
nearly  twice  as  long  a  time  as  a  similar  movement  dis- 
charged by  a  single  induction-shock. 

Now  Wundt*  has  supported  the  view  that  the  reflex  contractions 
which  we  regarded  as  summations  "f"  are  to  be  regarded  as  simple  con- 
tractions, although  they  are  almost  always  longer  than  the  contractions 
resulting  from  direct  stimulation  of  the  muscles  or  motor  nerves,  nay 
they  frequently  show  a  distinctly  tetanic  character.  He  assumes,  how- 
ever, that  "  the  normal  reflex  contraction,  on  account  of  its  long  dura- 
tion, to  a  certain  extent  lies  on  the  limit  between  a  simple  contraction 
and  a  tetanus  J."  Wundt  had  formerly  shown §,  in  investigating  the 
stimulation  of  motor  nerves  by  electrical  shocks,  that  "  the  contraction 
caused  by  stimulation  of  a  higher  lying  point  of  a  nerve,  i.e.  a  point 
further  removed  from  the  muscle,  is  not  only  stronger,  but  also  lasts 
longer  than  that  which  is  discharged  by  a  similar  stimulus  applied 
lower  down.  In  a  similar  manner  the  increase  of  excitability  which  is 
shown  by  the  portion  of  a  nerve  near  a  section  is  always  associated 
with  an  increase  in  the  duration  of  the  contraction." 

What  is  the  difference  in  the  duration  is  not  indicated,  but  in  an 
earlier  portion  of  the  last-named  paper,  where  Wundt  speaks  of  the 
"asthenic  condition"  of  nerves,  he  says  ||,  that  "even  with  a  slight  de- 
gree of  the  condition  of  fatigue-inhibition  the  contraction  is  often 
double  as  long  as  with  strongly  pronounced  inhibition."  "  With  a  high 
degree  of  this  condition  the  contraction  often  lasts  four  times  as 
long  as  the  usual  contraction ;  it  then  assumes  a  tetanic  character ; 
and  this  is  true  equally  for  those  contractions  which  are  produced  by 
closure  of  a  constant  current  of  any  direction,  as  for  those  which  are 

•  Vnteriuchung.  z.  Mech.  d.  Nervencentren.    Zweite  Abth.  1876,  p.  14. 

f  Stirling,  Sammation  elekt.  Hantreize,  passim. 

X  Wundt,  op.c.  p.  26. 

§  Untersttch.  z.  Mech.  d.  Nfrven.     1876,  Erste  Abth.  p.  178. 

II  Op.  c.  pp.  42,  43. 
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discharged  by  another  kind  of  stimulus,  e.g.  by  closing  or  opening 
induction  shocks."  "In  a  word,  the  contraction  shows  at  once  and  in 
a  high  degree  those  peculiarities  which  usually  belong  to  fatigued 
preparations."  **  Besides  the  fatigue  arising  from  frequently  repeated 
stimulation,  certain  influences  of  temperatui*e  and  imperfect  nutrition 
produce  the  asthenic  condition." 

We  have  elsewhere*  whilst  speaking  of  the  excitability  of  the 
ventricle  of  the  frog's  heart,  fully  explained  our  views  of  the  essential 
differences  between  a  long  simple,  and  a  tetanic  contraction.  We 
formulated  our  view  thus :  "  The  absolute  duration  of  a  contraction 
does  not  decide  whether  it  is  to  be  regarded  as  a  simple  or  a  tetanic 
contraction,  but  the  experimental  separation  into  a  series  of  single 
contractions  or  the  analysis  by  means  of  the  galvanometer  or  a  nerve- 
muscle  preparation  of  a  contraction  which  could  not  otherwise  be 
resolved  into  its  constituent  single  spasms."  "A  contraction  of  a 
gastrocnemius  of  half  a  second  duration  is  to  be  regarded  as  tetanic 
as  soon  as  we  can  prove  that  it  is  higher  and  longer  than  one  of  the 
simple  contractions  whose  rapid  succession  has  made  it  continuous." 
*'  We  should  have,  on  the  contrary,  to  regard  a  contraction  of  half  a 
second  duration  or  longer,  such  as  are  given  by  muscles  which  are 
strongly  cooled,  torn,  or  those  poisoned  with  veratria,  as  a  simple  one, 
if  we  were  unable  to  prove  its  oscillatory  character." 

The  heart-beat  has  been  recognised  as  a  simple  contraction  by  the 
aid  of  the  rheoscopic  limb.  J.  J.  Friedrich"f-  and  Bering  regard 
this  as  insufficient  proof,  Morat  and  Toussaintf  as  refuted.  "The 
simplicity  of  the  secondary  contraction  from  the  heart  does  not  prove 
the  simple  nature  of  the  heart-beat ;  for  all  kinds  of  tetanus,  with  the 
exception  of  that  produced  by  artificial  oscillatory  stimulation,  cause 
only  a  secondary  contraction." 

M.  Foster  has  recently,  in  his  "Text-Book  of  Physiology,"  di- 
rected attention  to  the  contradiction  between  the  result  of  the  experi- 
ments of  Lud  wig  and  Dogiel§  on  the  first  sound  of  the  heaii,  and  the 
almost  generally  accepted  view  that  the  heart-beat  is  a  simple  con- 
traction. It  would  be  impossible  for  a  simple  contraction  to  produce 
a  musical  tone  like  the  heart-sound.     At  the  same  time  he  mentions 

•  Beitr.  z.  Artat.  u.  Physiolog,     C.  Lud  wig  gewidmet.    Leipzig,  1874,  p.  clmvii. 
t  Op.  c.  p.  426. 
t  Op.c.  p.  107. 

§  Versuche  iiber  d.  ersten  Herzton,  Arb.  aiu.  d.  phynolog.  Ami.  zu  Leipzig,  18C8, 
p.  86.  , 
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as  invalid  the  doubts  which  have  been  urged  against  the  simple  nature 
of  the  heart-beats. 

Ludwig  and  Dogiel  themselves  have,  however,  left  it  undecided 
whether  the  first  sound  "  from  its  origin  ought  to  be  placed  parallel  with 
the  sound  or  tones  which  arise  in  tetanised  muscles."  **  A  system  of 
fibres  like  that  of  the  heart,  so  suddenly  stretched  and  so  complicated  in 
their  arrangement,  can  produce  tones  or  sounds  without  a  series  of 
rapid  exciting  impulses." 

It  therefore  appears  that  there  is  no  reason  for  denying  the  oscillatory 
condition  as  a  characteristic  point  of  difference  between  tetanus  and  a 
simple  contraction  (however  short  the  former  and  however  long  the 
latter  may  be),  although  it  still  remains  desirable  to  have  a  criterion 
applicable  under  all  circumstances. 


What  is  the  upper  limit  of  the  frequency  of  stimulation  which 

is  still  capable  of  producing  tetanus  ? 

With  every  stimulation  of  a  nerve,  according  to  the  modified  '  dis- 
charge-hypothesis'  of  du  Bois-Reymond*,  every  negative  variation  of 
the  nerve  substance  must  be  followed  by  a  similar  change  in  the  con- 
tractile substance.  Bernstein +,  in  his  theory  of  the  processes  of  exci- 
tation in  nerves  and  muscles,  proceeded  from  the  plausible  notion  that 
the  single  negative  variation  of  the  muscle  current  is  the  cause  of  the 
contraction.  The  duration  of  the  negative  variation  of  the  nerve  cur- 
rent was  estimated  by  Bernstein  to  be  about  j^  sec.,  that  of  the 
muscle  current  at  ^  sec.  If  the  stimulations  occur  so  frequently  in 
the  muscle,  that  the  muscle  current  has  not  yet  been  raised  markedly 
from  its  minimum  before  the  next  minimum  follows,  it  then  remains 
nearly  constant  at  its  lowest  value  and  cannot  keep  up  any  tetanic 
contraction ;  only  at  the  beginning,  when  it  suddenly  falls,  can  it  dis- 
charge a  simple  contraction ;  thus  arises  the  "  initial  contraction."  This 
is  succeeded  by  a  weak  tetanus  when  the  interval  of  stimulation  per- 
mits considerable  changes  of  strength  of  the  feeble  muscle  current ;  this 
may  occur  with  more  rapid  stimulation,  the  stronger  the  stimulus 
employed  and  the  greater  the  variations  resulting  therefrom.  Why  the 
ascent  of  the  muscle  current  to  its  strength  during  rest,  at  the  end  of 
the  period  of  stimulation,  does  not  discharge  a  terminal  contraction,  we 

*  Qet,  Ahh.  6d.  ii.  p.  929. 

t  XJnUn,  tih,  d.  Erregungsvotg.^  Ac.    Heidelberg,  1871,  p.  120. 
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have  not  found  indicated  in  Bernstein's  memoir.  We  miss  also  draw- 
ings and  values  which  would  enable  us  to  determine  whether  the  "  ini- 
tial contraction"  from  its  height  and  duration  is  actually  to  be  regarded 
as  a  simple  contraction.  But  the  frequency  of  the  stimulation  (250  per 
second)  at  which  the  initial  contraction  ought  to  begin  is  so  small,  that 
one  must  be  astonished  that  many  other  investigatoi*s  have  not  de- 
tected these  low  limits.  Now  in  the  usual  method  of  tetanising  by 
du  Bois-Reymond's  inductorium,  the  frequency  cannot  be  raised 
much  above  150  per  second;  but  formerly  a  sufficient  number  of  shocks 
of  all  kinds  was  obtained  by  interrupting- wheels.  In  such  experiments, 
Harless*,  as  Bernstein  himself  shows,  found  that  "the  interrupted 
(galvanic)  current  assumes  the  effect  of  a  constant  current  when  the 
interruptions  are  less  than  y^.^rnr  s^^"  1  hen  the  tetanus  disappears, 
"  but  it  reappears  at  once  on  diminishing  this  number." 

IIelmholtz"f-  found  that  when  he  stimulated  with  two  successive 
maximal  electrical  shocks,  the  two  contractions  failed  to  become  added 
together  when  the  difference  of  time  between  the  stimuli  was  less  than 
^J^  sec.  "  If  the  shocks  however  are  so  weak  that  each  single  one  does 
not  suffice  to  produce  the  maximum  of  stimulation,  then  they  strengthen 
each  other  even  with  the  smallest  interval  of  time." 

On  concluding  his  paper  "Uber  das  Muskelgerausch "  (1864), 
Helmholtz  says  that  "by  means  of  tuning-forks  fixed  between  electro- 
magnets and  made  to  vibrate  by  a  bow,  electrical  currents  in  the  form 
of  regular  sinus  waves  are  produced  in  the  wires  enveloping  the  electro- 
magnets, and  these  currents  are  able  to  throw  frogs*  limbs  into  contrac- 
tion," and  he  found  that  600  complete  vibrations  per  second  {%,  e,  1200 
stimuli)  still  produced  tetanus.  But  it  is  not  possible  in  this  way  to 
apply  maximal  stimuli  to  the  sciatic  nerve  of  a  frog. 

Heidenhain^  however  in  1861  found  that  with  400 — 500  interrup- 
tions (produced  by  means  of  pinion  wheels)  "  of  the  weakest  stimu- 
lating current"  the  stimulating  effect  ceased,  whilst  stronger  currents,  if 
interrupted  2800  times  (and  as  appears  from  the  drawings  even  when 
interrupted  6000  times)  can  still  tetanise.  Heidenhain  came  to  the 
conclusion  that  the  number  of  interruptions  necessary  to  produce  teta- 
nus was  a  function  of  the  strength  of  the  current. 

V.  Wittich§  found  also  that  a  nerve  receiving  nearly  7000  shocks 

*  Gelehrte  Anzeigen  d.  k.  bay,  Akad.  d.  Wissensch.     1857. 

t  MonaUb,  d.  Berliner  Akad,     1854,  p.  330. 

X  Studien  des  physiol.  Institutes  zu  Bresluu^  Heft  1.    18C1,  p.  64. 

§  Pfliiger'B  Archiv,  1869,  Bd.  ii.  p.  848. 
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per  second  could  still  throw  the  frog's  limb  into  violent  tetanus.  For 
these  experiments  he  employed  Grtinhagen's  interruptor*.  Qriin- 
hagen"!-  himself  afterwards  took  up  this  subject  of  "interrupted  nerve 
stimulation"  again.  He  modified  his  interrupting  wheel  somewhat. 
The  contact  used  was  a  dry  one.  He  succeeded,  using  the  greatest 
possible  rapidity,  in  producing  2800  closures  of  the  current  of  -^^  sec. 
in  duration,  and  obtained  a  "contraction"  with  a  current  whose  intensity 
was  by  no  means  equal  to  one  DanielTs  element.  "With  weak  cur- 
rents of  minimal  strength,  whether  sent  in  an  ascending  or  descending 
direction,  the  tetanus  disappeared  even  when  the  wheel  was  rotated 
slowly,"  i,e.  at  a  rate  which  produced  in  a  second  366  shocks  each  of 
^  sec.  duration. 

Griinhagen  shows  that  the  reason  why  these  moderately  frequent 
interruptions  are  inactive,  is  not  because  the  current  which  falls  into 
the  nerve  has  become  continuous;  for  a  single  closing  and  opening  of 
the  complete  circuit  has  also  no  effect.  He  finds  the  cause  of  the 
cessation  of  the  tetanus  to  be  **  a  complete  inactivity  of  the  electrical 
stimulus,"  due  to  the  duration  of  the  shock  (^^^  sec.)  having  become  too 
short  The  possibility  that  there  was  imperfect  contact  he  believes  he 
excluded  by  the  following  observations.  When  the  inten-upting  wheel 
was  intercalated  as  a  secondary  circuit  to  the  current-circuit  (in  which 
the  nerve  was),  the  limb 'remained  at  rest  when  the  duration  of  each 
interruption  was  ^j  sec.  The  limb  contracted  however  on  opening  and 
closing  the  "  nerve-circuit"  in  which  the  galvanic  battery  was  placed ! 
Why  should  not  opening  and  closing  contractions  have  resulted,  even 
when  the  interrupting  wheel  produced  no  contact  ? 

Qrlinhagen  sums  up  his  results  thus:  "weak  and  moderately 
strong  currents  of  short  duration  and  frequently  interrupted  can  pro- 
duce the  same  effect  on  a  nerve  as  a  continuous  current  With  the 
means  at  my  disposal  it  is  impossible  to  produce  such  a  change  in  the 
intermittence  of  strong  shocks;  interniptions  of  the  shortest  duration 
are  replied  to  at  once  by  the  frog's  limb  J." 

Engelmann§  has  made  elaborate  investigations  as  to  how  far  the 
number  and  duration  of  the  interruptions  of  a  constant  current  influ- 
ence the  effect  of  an  intermittent  stimulation  of  a  nerve.  He  found 
that  tetanus  can  be  produced  with  shorter  intervals  the  stronger  the 

•  E.  du  Bois-Beymond,  Unt.  Ob,  thier,  EUetr.  Bd.  i.  p.  447. 

t  Pfluger's  Archiv,  1872,  Bd.  vi.  p.  167. 

X  L.c.  p.  171. 

§  Pfluger*8  Archiv,  1871,  Bd.  iv.  p.  3. 
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interrupted  current,  and  that  when  of  feeble  intensity  the  current  acts 
like  a  continuous  one.  From  his  tables*,  it  is  obvious  that  about  2000 
interruptions  per  second  was  the  highest  eflfective  frequency  of  stimu- 
lation noticed.  The  duration  of  a  shock  {t)  in  proportion  to  that  of  the 
interval  between  the  shocks  {i)  was  =  2:1.  He  estimated  the  eflfect 
of  the  stimulation  directly  on  the  muscles  or  through  the  nerves,  vary- 
ing the  relation  of  t  :  ^'  and  with  diflferent  values  of  ^  +  ^'  (number  of 
stimuli),  and  obtained  the  following  result,  "  that  a  certain  appreciable 
time  is  required  before  a  new  contraction  wave  can  proceed  from  a 
directly  stimulated  point  of  a  muscle;"  and  "that  new  contraction 
waves  arise  sooner  when  the  muscle  is  excited  through  the  nerve  than 
through  direct  stimulation  of  the  muscle."  Engelmann  doubted 
whether  the  contact  employed  by  v.  Wittich  (Griinhagen's)  could 
be  relied  on,  and  used  a  somewhat  modified  one,  like  Poggendorff's 
inverter.  E.  du  Bois-Reymond  however  regards  it  as  impossible  "to 
obtain  perfect  and  continuous  contact  by  sliding  springs.  As  showing 
the  instability  of  their  contact,  such  springs  always  produce  tetanus 
when  introduced  into  the  circuit  of  a  nerve-muscle  preparation.  This 
diflSculty  is  only  overcome  by  great  pressure  of  short  non-vibratile 
contact  pieces""!-. 

J.  Konigt,  in  his  experiments  under  Helmholtz,  warned  by  the 
"super-maximal"  contractions  arising  from'  the  use  of  the  spiral- 
rheotome,  avoided  the  uncertain  closure  of  the  circuit  yielded  by 
rapidly-moving  spring  contacts.  He  estimated  the  time  during  which 
a  galvanic  current  must  act  "  to  produce  the  molecular  changes  of  the 
nerve-substance  corresponding  to  the  stimulation"  to  be  about  0*0015 
sec.  "  Commencing  with  this  time,  in  which  the  current  begins  to  act, 
the  size  of  the  contraction  increases  with  the  duration  of  the  current,  and 
at  first  pretty  rapidly,  then  always  more  slowly,  till  at  last  between  001 7 
and  0*018  sec,  the  result  obtainable  by  continued  closure  is  obtained." 

Induction  currents,  notwithstanding  their  very  much  shorter  dura- 
tion§,  have  a  much  more  intense  stimulating  eflfect  than  the  continuous 

*  Op.c.  p.  17. 

^r  ArchivfUr  Anal,  und  PhyHologie,  1876,  p.  646;  and  Ges.  Abh.  Bd.  ii.  614. 

t  Sitzb.  d,  k,  Akad.  d,  Wisseruch,  zu  Wien,  Bd.  lxii.  Abth.  ii.    1870. 

§  Lemstrom  (cited  in  Wiedemann's  GalvanUmus  und  Elektromag,  1873,  2  Anfl. 
Bd.  n.  116)  says  that  the  closing  current  reaches  its  maximum  intensity  in  0*00006  sec., 
and  that  the  opening  induction  current  on  the  whole  lasts  as  long  as  the  closing  current. 
How  the  course  of  these  two  currents  varies  under  different  conditions  has  been  accurately 
determined  by  E.  du  Bois-Reymond  {Monatsb.  d,  Berl.  Akad.  1862,  p.  372.  Ges,  Abh, 
Bd.  I.  228,  and  Wiedemann,  op.  c.  p.  104). 
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current.  Nevertheless,  E.  Brlicke*  has  shown  that  a  frog's  muscles, 
with  the  motor-nerves  paralysed  by  curara,  are  less  sensitive  to  currents 
of  very  short  duration  than  non-poisoned  ones,  whilst  they  are  quite  as 
sensitive  as  the  latter  to  currents  of  longer  duration. 

Non-striped  muscle  is  especially  sluggish  in  relation  to  induction 
shocks.  Fick"f-,  in  his  experiments  on  the  adductor  muscles  of  Ano- 
don,  observes,  *' there  was  presented  the  rare  phenomenon  that  in  the 
same  circuit  in  the  secondary  spiral  of  an  ordinary  induction  machine, 
a  frog's  muscle  was  thrown  into  the  most  violent  tetanus,  whilst  the 
muscle  of  the  mollusc  showed  no  trace  of  excitement."  Yet  "a  mol- 
lusc's muscle  can  be  thrown  into  an  energetic  contraction,  whilst  a  frog's 
limb  in  the  same  circuit  is  not  excited  at  all,"  by  allowing  a  galvanic 
current  slowly  increasing  in  strength  to  pass  in  the  circuit. 

The  Anodon  muscle  is  excited  only  by  very  strong  induction  shocks. 
In  order  to  obtain  an  obvious  efiFect  by  rapid  interruption,  it  was  neces- 
sary to  employ  stronger  currents  than  for  less  rapid  shocks. 

It  is  noteworthy  that  the  cessation  of  such  a  periodic  succession  of 
electrical  shocks,  passing  in  the  same  direction  through  a  muscle,  often 
produces  an  opening  contraction,  which  considerably  strengthens  those 
present  during  the  passage  of  the  interrupted  current.  This  intermit- 
tent current  acts  like  a  constant  current,  during  its  "long-continued" 
closure  the  closing  contraction  (often  lasting  10  sees.)  of  the  exceedingly 
sluggish  muscle  is  considerably  strengthened  by  the  following  opening 
shock. 

An  analogous  condition  was  found  in  the  ureter  by  Engelmann;]:; 
shocks  must  have  a  very  considerable  duration  (nearly  \  sec.)  in  order 
to  produce  contractions.  They  must  last  longer  the  weaker  the  current. 
To  produce  an  opening-shock  with  currents  of  slight  intensity  and  with 
diminished  excitability,  not  unfrequently  the  circuit  requires  to  be 
closed  from  30  to  60  seconds.  A  series  of  efficient  similarly  directed 
shocks  causes  the  single  contractions  to  fuse  into  a  complete  tetanus 
"  at  the  cathode."  "  The  cessation  of  a  series  of  periodically  recurring 
short  stimuli  acts  like  the  opening  of  a  constant  current,  just  as  the 
closing  of  rapid  successive  shocks  acts  like  the  closing  of  a  constant 
current§." 

Single  ineffective  closures  of  the  current  may  produce  summated 

•  Sitzungsh.  d.  Wiener  A  had.  d.  Wis8en$cK  Bd.  lvi.     1867. 
t  Beitr.  z.  vergl.  Phys.  d.  irrit.  Substz.  1863,  p.  23. 
t  Pfluger'B  Architu  1870,  B^.  in.  p.  273. 
§  Op.  c.  p.  283. 
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contractions ;  and  that  the  quicker,  the  more  frequent  they  are.  The 
duration  of  the  interval  by  which  contractions  may  still  be  produced  is 
longer,  the  stronger  the  single  stimuli  employed. 

Whilst  the  phenomena  exhibited  by  the  ureter  agree  with  those 
exhibited  by  the  adductor  of  the  mussel,  and  thus  prove  the  latter  to 
belong  to  the  non-striped  muscles,  to  which  Fick*  also  agrees,  yet  the 
last-named  phenomena  of  summation  exhibited  by  the  ureter  place  it 
in  that  series  of  organs  which  possess  reflex  excitjibility.  That  in 
the  portion  of  ureter  under  observation  no  ganglia  are  found,  as  in  the 
embryonic  heart,  &c.,  does  not  refute  the  view  that  such  ''automati- 
cally" active  organs  are  fundamentally  different  from  the  transversely 
striped  muscles  of  the  skeleton.  With  regard  to  the  inexcitability  of 
non-striped  muscles  to  induction  shocks,  mentioned  by  Fick  and  En- 
gelmann,  it  is  to  be  remarked,  that  these  investigators  have  only  tested 
such  shocks,  which  are  produced  in  the  induction  spiral  by  closing  and 
opening  of  constant  currents.  Edward  Weber "f,  on  the  contrary, 
found  that  the  smooth  muscles  could  be  thrown  into  their  peculiar 
slow  contractions  by  stimulation  with  the  magneto-galvanic  rotation 
apparatus.  Weber  says,  *'The  ureter  belongs  to  the  most  sluggish 
organic  muscular  parts.  Nevertheless,  on  applying  a  galvanic  stimu- 
lation, I  have  also  seen  transverse  constrictions  occur  in  these  organs  in 
a  dog." 

MareyJ  employed  an  induced  rotation  apparatus  for  the  stimula- 
tion of  his  adductor  pollicis,  and  found  that  when  the  soft  iron  core 
remained  in  the  induction  coil,  the  tetanising  effect  began  to  diminish 
as  soon  as  his  muscle  was  stimulated  by  about  240  shocks  per  second. 
On  removing  the  core  from  the  coil  no  further  diminution  of  the  tetanus 
was  observable,  no  matter  how  rapid  was  the  rotation.  Even  extra  cur- 
rents, when  very  rapid,  were  enfeebled  when  the  core  remained  in  the 
coil.  Without  the  core  in  the  spiral  they  were  inactive.  He  concluded 
from  these  experiments  that  it  is  not  a  physiological  cause  due  to  the 
nerve  or  muscle  which  rendered  the  frequent  stimuli  inactive,  but  (as 
Guillemin  had  shown)  the  physical  interference  of  the  opposite  current 
affected  by  the  soft  iron  core.  Nevertheless,  Marey  is  of  opinion,  that 
a  limit  to  the  frequency  of  stimulation  must  be  found  at  which  neither 
nerve  nor  muscle  is  stimulated.  He  concludes,  "  En  effet,  la  translation 
de  ces  ondes  ayant  une  vitesse  d^termin^e,  on  doit  admettre  que  pour 

♦  Op.c.  p.  2. 

t  Wagner's  Handw'ortb.  d.  Physiolog.  1846,  Bd.  in.  Abth.  2,  p.  27. 

•^  Mouvement,  &c. ,  p.  387. 
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qu'une  onde  nouvelle  se  forme  dans  une  fibre  au  point  oh,  le  nerf  la 
p^netre,  il  faut  que  Tonde  prectSdente  ait  d^jJi  quitt^  la  place.  En  con- 
naissant  exa3tement  le  diamfetre  longitudinal  de  Tonde  musculaire,  on 
pourrait  d^duire  le  temps  n^cessaire  k  son  ddplacement,  mais  ces  ques- 
tions ne  me  semblent  pas  encore  prfes  d'etre  rdsolues." 

Here  is  the  germ  of  the  theory  of  the  "initial  contraction."  All 
the  methods  employed  for  stimulation  up  to  the  present  time,  and 
which  were  intended  to  estimate  the  mobility  of  the  excitable  particles 
of  nerve  and  muscle,  fail  in  an  exact  method  of  stimulation. 

The  object  indicated  by  du  Bois-Reymond,  viz.  to  graduate  the 
exciting  currents,  not  only  according  to  their  intensity  but  also  in 
duration,  has  been  brought  nearer  by  the  invention  of  the  rheonome 
of  E.  V.  Fleischl*. 

This  task  would  be  much  lightened  if,  with  Bernstein"f",  we  could 
admit  that  the  negative  variation  travelling  like  a  wave  along  the 
nerve  to  the  muscle,  and  serving  as  the  internal  stimulus  to  the  muscle, 
is  affected  only  in  height,  and  not  to  any  essential  extent  in  the  rapidity 
of  its  course,  by  variations  in  the  strength  of  the  external  stimulus. 
All  the  small  irregularities  in  the  intensity  of  the  current  which  we  saw 
were  so  detrimental  would  in  that  case,  on  account  of  their  minute- 
ness, fail  to  affect  the  wave  in  the  nerve  to  an  appreciable  extent ;  the 
more  sluggish  muscle  would  not  be  aflFected  by  them  at  all.  Instead 
of  this  we  have  observed,  and  so  has  Bernstein^,  how  small  is  the 
molecular  inertia  of  mobile  muscles,  so  that  it  can  easily  be  measured 
with  a  moderately  good  telephone.  They  repeat  with  all  its  peculiari- 
ties of  timbre  a  note  transmitted  to  them  electrically.  In  addition 
therefore  to  the  fundamental  note  corresponding  to  the  chief  exciting 
wave,  there  must  be  secondary  waves  of  the  nature  of  overtones, 
which  have  thrown  the  muscle  into  obvious  vibrations  corresponding 
to  the  stimuli.  It  is  not  to  be  believed  therefore,  that  equally 
strong  stimuli  act  more  feebly  when  they  are  more  frequent 
than  when  they  are  applied  at  longer  intervals. 

Is  the  cause  of  the  want  of  success  to  throw  a  muscle  into  tetanus 
by  moderate  shocks  due  to  imperfections  in  the  methods  of  stimulation? 

As  unequal  rapidity  in  the  closing  and  opening  of  a  circuit,  "whether 
with  a  solid  or  with  a  mercury  contact,"  causes  great  variations  in  the 

♦  Unters.  ilher  d.  Ges.   d,  Nervenerreg.  m.  Abth.     Sitzungsb.  d,  Wiener  Akad,  d, 
Wi98.  Bd.  Lxxvi.     1877. 

t  Unters.  iih.  d.  Erreg.     1871,  p.  26. 
X  Pfliiger's  Archiv,  Bd.  xi.  p.  193. 
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strength  of  the  contractions  we  need  not  expect  to  advance  maclvl 
further  with  ordinary  interrupters,  although  the  capillary-contact  leadal 
us  to  hope  for  greater  constancy  in  the  contact  resistance  than  hasi 
hitherto  been  achieved.  To  avoid  all  difficulties  arising  from  contact^ 
and  also  those  which  occur  iu  magneto-electric  machines  Irom  irregu-j 
larities  in  the  rapidity  of  rotation,  we  tried  the  method  of  Grossmann 
and  Helmholtz  for  tetanizing  muscles  electrically. 

But  large  tuuing-forks  vibrating  with  moderate  frequency  in  fronU 
of  the  induction-coil  had  only  a  slight  tetaniaing  efJect.  Hence  that 
construction  by  one  of  us  after  Warburg's  method  of  the  tone-in-1 
ductorium  (p.  389),  thus  using  the  longitudinal  vibrations  of  aa  electro*B 
magnetic  iron  rod  to  produce  powerful  induction  currents. 

Fig.  17,  from  the  triceps  of  a  frog,  gives  the  result  of  one  of  oufl 
first  experiments  with  an  imperfect  apparatus  constructed  after  War-J 
burg's  method. 

Fig.  17. 


The  curves  show  that  a  powerful  and  uniform  tetanus  is  to  be  ob^l 
tained  in  this  way.  They  lasted  about  aa  long  as  the  clang  of  the  rod! 
(about  1  sec),  whose  free  end  wns  rubbed  with  a  glove.  Nay  more^fl 
after  the  electro- magnetic  current  (2  Groves)  was  opened,  tetanic  coq-^I 
tractions  could  often  be  produced  by  tones  (in  the  present  case  \SM 
times).  The  tetanising  effect  gradually  disappeared,  but  waa  agaiaa 
restored  to  its  former  strength  as  soon  as  the  primary  cun'ent  waaX 
closed. 

Fig.  18  gives  the  effect  of  a  tone-stimulus  on  a  fresh  muscle  of  4^fl 
frog  to  show  the  relation  of  a  simple  contraction  to  such  a  tetanus, 

We  find  that  this  tetanus  curve  differs  from  those  in  the  preceding,! 
figure,  not  only  in  the  expanded  form  drawn  on  more  rapidly-moving* 
paper,  but  also  in  the  already  cit«d  "  Wurfhohe*"  of  A.  Fick.  Ona| 
is  soon  convinced  of  tho  purely  mechanical  cause  of  those  small  pro^ 

•   Op.  f.  11,  40. 
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jectioDR  above  the  nearly  conetaiil  height  of  the  curve,  ou  examiniBg 
the  elastic  after- vibrutiuiis,  which  clearly  appear  when  the  lever  has 
tallen  from  a  coDsiilerable  lieight.  The  projection  is  also  wanting 
when  the  muscle  ouuccuuut  of  itj>  original  ur  acquired  (through  fatigue, 


Single        oontraotimi.       TelannB  carve  ot    triceps  lemoria  of  (rog.      Stiiuulus — ^2700 
StuauluB — >  strong  stimuli  from  vibrating  longitudinal  rod,     Bik]iidity  ot  rerola- 

opening    indnetiou-  tiou  of  o;liiider  50  mm.  in  lec. 

poiBoniug,)  inertia  possesses  a  slighter  initial  acceleration.  The  modi6- 
cation  of  the  initial  excitability  in  fresh  feebly  stimulated,  as  well 
OS  the  rapid  diminntion  of  the  height  of  the  contraction  in  much  fa- 
tigued and  tetaniaed  mnsclea*.  can,  as  already  shown  (p.  40i),  produce 
a  crest  of  variable  shape  at  the  beginning  of  the  tetanus  curve. 

Fig.  19  shows  the  difference  in  the  form  of  a  tetanus  curve  caused 
by  the  rapidity  of  contraction  of  two  muscles  of  a  rabbit, 

Fi(!.  19. 


Pale  iQOSL-te  (lower  ciiivtl  umi  it'd  (upper)  musple  of  ralil.it 
induction  Hhoeks  from  Tibratiug  rod.    Itupidity  of  roUtic 

Corresponding  to  the  abrupt  ascent  of  the  tetanus  curve  of  the  pale 
muscle,   the   "Wnrfhohe"   aud    the    elastic    after- vibration   are   well 
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marked.  At  the  end  of  the  curve  there  is  a  depression  produced  by  I 
succeeding  feeble  elevation.  This  is  caused  by  the  rod  still  vibratinj 
for  a  short  time  after  removal  of  the  hand.  The  (upper)  curve  of  thfr 
red  mviscle  does  not  show  this  variation  in  the  intensity  of  the  stimo' 
lation.  Still  the  muscle  is  by  no  means  insensible  to  weak  and  veij 
frequent  stimuli ;  but  replies  to  the  continued  excitation  with  a  tetaniu 
of  long  duration. 

The  successful  result  of  this  experiment  encouraged  us  to  inci 
the  frequency  of  the  stimulation,  which  could  be  done  at  will  by  nusinj 
the  tone  (by  shortening  the  rod).  The  extraordinary  excitability  of  th« 
sciatic  nerve  of  the  frog  enabled  its  to  make  the  induction  coils  i 
small,  that  they  were  about  the  same  size  of  those  of  a  large  du  BoisH 
Reymond's  induction  machine;  a  short  rod  projected  sufficiently!^ 
beyond  the  coil,  the  free  end  of  which  could  be  caught  between  th^l 
friction  wheels. 

Fig,  2t)  represents  a  tetanus  curve  obtained  with  the  "tone-induoi 
torium,"  producing  8000  induction  shocks  per  second.  According  t 
the  formula  already  cited,  this  number  of  vibrations  will  be  given  by  a 
vibrating  rod  O'Bil  metre  in  length.  The  estimated  pitch  of  the  toa^ 
did  not  vary  much  from  that  estimated  by  the  ear  (about  {  tuDe)J 
These  variations  depend,  without  doubt,  on  differences  between  the 
assumed  and  the  actual  elastic  coefficient  of  the  iron  drawn  into  the 
form  of  a  rod.  The  round  number  of  estimated  vibrations  will  always 
be  given,  for  in  the  highest  positions  of  the  rod  the  determination  (by  J 
the  ear)  of  the  tone  is  not  always  quite  certain. 

Fig.  20. 


TricepB  [emoriB  of  Blroiig  (rog  weigliteJ  with  liO  grftmnies,  stimulated  by  8000  alternatii 
induction  ehookH  per  bcc.  proilnoed  by  ■'  tone-indnatorium.''    Tiie  amount  of  & 
iug  here  oa  in  all  onr  curves  bas  beeo  doabled  ia  the  drawiDg.    Bapidit;  of  r 
(ion  □(  c.Tliader  IG  itun.  in  1  s^. 


THE  GENESIS  OF  TETAXl'S.  417 

The  small  irregular  elevationa  which  are  obvious  in  tlie  tetanus 
curve  correspond  to  variations  in  the  intensity  of  the  tone.  As  we  have 
already  pointed  out  (p.  388),  even  with  the  best  friction  arrange- 
ments it  is  difficult  to  keep  the  toDe  quite  uniform  for  a  long  time. 
In  these  experiments,  where  we  have  an  opportunity  of  comparing  the 
sensation  of  tone  with  excitation  of  a  motor  nerve,  any  one  may  con- 
vince himself  how  much  the  sensory  oigan  surpasses  the  motor  organ. 
Differences  in  the  amplitude  of  vibration  which  to  the  ear  appear  very 
marked,  arc  only  very  feebly  indit^ted  by  a  frog's  mnscle  directly  stimu- 
lated thereby.  One  might  suppose  the  differences  so  clearly  marked  in 
the  tone  had,  through  interference  in  the  secondary  spiral,  partly  coun- 
teracted the  induction  currents.  The  telephone  has  supplied  the  means 
of  refuting  this.  On  connecting  a  telephone  instead  of  a  nerve  with 
the  secondary  spiral  of  the  tone-inductorium  and  listening  to  this  tele- 
phone in  another  room,  whilst  the  rod  is  sounded  by  an  assistant,  one 
not  only  hears  the  tone  of  equal  intensity,  jusi  like  the  rod  itself,  but  ono 
can  also  detect  each  variation  in  the  intensity.  From  the  strength  of 
the  currents  here  employed,  the  sound  is  slightly  diminished  in  in- 
tensity. 

Generally  the  strength  of  the  sound  diminishes  with  an  increasing 
number  of  vibrations.  These  differences  are  not  to  be  estimated  by  the 
ear,  for  "  the  ear  has  a  different  sensibility  for  tones  of  different  pitch'." 
It  is  certain  that  the  higher,  weaker  longitudinal  tones  exercise  a 
slighter  stimulating  effect  on  the  nerves  of  a  frog,  as  is  shown  by 
Fig.  21.  Irregularities  in  the  tetanus  curve  which  indicate  irregularly 
recurring  variations  in    the  tone    are   more  pronounced  here  than  in 
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Fig,  20.     The  next   Fig.   (22)  shows  in  i 
variations  in  the  intensity  of  the  tetanus. 


more   pronounced    inaniu 


1 


In  Btuiiyiog  this  curve  the  idea  may  well  arise  whether  the  actiisl 
number  of  stimuli  applied  to  the  muscle  is  equal  to  the  number  of  \ 
brations  of  the  audible  longitudinal  tone. 

We  have  proved  experimentally  that  the  number  of  induced  cui>| 
rents  produced  by  longitudinal  vibrations  is  equal  to  the  number  ( 
vibrations  of  the  audible  tone.     Yet  we  have  shown  fp,  396)  that  it  ii 
not  possible  to  estimate  the  number  of  etfective  stimuli  from  the  heigW 
of  the  tone  of  the  vibrating  spring  or  tuning-fork  of  the  intemiptoitg 
We  have  shown  that  when  strong  and  weak  stimuli  alternate,  it  caailyT 
happens  that  whilst    tetanising  the  strong  ones  alone  are  reckoned.) 
We  have  now  to  ask  if  this  error,  which  is  unavoidable  with  those  i 
rangements  which  have  a  vibrating  hammer  for  interrupting  the  circuitj 
is  also  present  in  those  which  discharge  induced  currents  by  longitudin^ 
vibrations.   This  comes  more  prominently  into  view  in  high  longitudin 
notes  tlian  in  low  ones,  for  with  equal  impulses  the  amplitudes,  andj 
thereby   the   inducing   variations  in  the  intensity  of  the  former,  tatiM 
smaller  than  those  of  the  latter;  for  a  given  weight  stretches  a  long  rod. I 
more  than  a  short  one.     Al-so  the  time  for  coming  to  rest  is  less  thaT 
shorter  the  wave-length.    But  the  ordinary  case  for  interrupted  currentaj 
where  the  successive  stimuli  have  different  intensities  (generally  alter-j 
nately  greater  and  less)  would   only  occur  in  oscillatory  vibrations  i 
inert  ma'sseswhen  the  damped  movement  is  nearly  aperiodic,  and  thud 
tbe  number  of  shocks  as  numerous  as  the  number  of  vibrations  cor-^ 
responding  to  a  tone  of  constant  pitch.     This  would  scarcely  occur  ii 
a  rod  vibrating  longitudinally  when  rubbed.     When  however  the  de-^ 
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crease  is  very  large,  so  that  the  vibrations  remain  periodic  with  rapidly 
diminishing  amplitude,  it  would  only  be  possible  by  using  minimal 
stimuli  to  realise  the  hypothesis,  that  the  tetanus  was  excited  by  a 
smaller  frequency  of  stimulation  than  that  calculated.  Then,  however, 
only  the  stimuli  corresponding  to  maximal  amplitudes  would  act ;  but 
the  strength  of  the  tone  could  with  difficulty  be  kept  to  this  limit.  It 
is  always  to  be  observed  in  such  experiments,  that  there  is  either  no 
tetanus  or  a  distinct  one.  It  not  unfrequently  happens  that  the  long 
spasm,  like  the  tone  itself,  is  broken  up  into  a  series  of  tetanic  contrac- 
tions. But  these  contractions  are  summated,  "and  as  such  are  un- 
doubtedly characterised  by  the  height  and  duration  of  the  curves." 
Once  it  happened  that  an  obvious  single  contraction  occurred  in  a 
series  of  such  short  tetani.  That  is  the  case,  when  the  vibration  be- 
comes aperiodic.  As  soon  as  a  whole  vibration  has  acted,  as  a  to- 
and-fro  movement  has  taken  place,  then  two  oppositely  directed  induced 
currents  are  discharged,  and  the  stimulated  muscle  executes  a  tetanic 
contraction.  As  far  as  the  principle  is  concerned,  it  is  immaterial 
whether  the  tetanus  lasts  longer.  The  summation  of  two  contractions 
is  sufficient  to  constitute  a  tetanus. 

We  believe  therefore  that  we  have  shown  that  the  upper  limit  of 
the  frequency  of  electrical  stimulation  which  can  throw  a 
muscle  into  tetanus  lies  near  the  limit  where,  with  other 
(physical)  rheoscopes,  variations  in  the  current  can  no  longer 
be  detected.  At  the  same  time  it  is  shown  that  the  muscle  replies 
to  stimuli,  which  reach  their  maximum  in  the  nerve  in  less  than 
O'OOOOo  sec.  It  appears  therefore  to  us  that  the  doubt  concerning  du 
Bois-Reymond's  ** allgemeines  Qesetz  der  Nervenerregung  durch  den 
elektrischen  Strom"  is  removed. 

The  starting-point  of  this  paper  was  the  unexplained  observation 
of  Ranvier,  that  the  pale  muscle  of  the  rabbit  could  indicate  357 
single  contractions  in  a  second.  We  have  made  clear  the  cause  of  this 
phenomenon.  But  a  similar  observation  of  Marey*  made  on  insects 
cannot  be  explained  by  peculiarities  in  the  apparatus  employed. 
Marey  found  that  the  common  house-fly  can  make  voluntarily  330 
movements  of  the  wing  in  a  second,  and  that  these  are  caused  by  two 
groups  of  muscles,  those  that  raise  and  those  that  depress  the  wings. 
Therefore  each  group  of  muscles  must  contract  and  relax  330  times 
per  second.     We  have  not  had  an  opportunity  of  investigating  whether 

•  La  machine  animale.     Paris,  1878,  p.  192,  203~-206. 
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the  muscle-curve  of  such  an  insect  is  of  such  extraordinarily  short 
duration,  or  whether  other  arrangements  produce  this  impression.  We 
ourselves  also  can  execute  movements  which  are  shorter  than  a  simple 
contraction,  but  then  we  must  cut  short  the  voluntary  tetanus  of  the 
muscles  acted  on  through  the  nerves  by  a  rapid  action  of  antagonistic 
muscles.  This  is  double  work.  Hence  it  is  that  we  can  play  'staccato' 
on  the  pianoforte  in  the  most  rapid  *  tempo'  only  for  a  short  time.  In 
ordinary  movements  requiring  the  least  special  skill  we  employ  the 
simple  voluntary  tetanus,  which  economic  Nature  produces  by  stimuli 
repeated  at  the  loDgest  intervals  practicable,  and  thus  fatigue  remains 
at  a  minimum. 


POSTSCRIPT. 

After  this  paper  was  printed  the  iiitei-esting  paper  of  Ch.  S.  Minot  on 
Tetanus  appeared  in  the  Journal  of  Anat  aiid  Phys.  xii.  Jan.  1878.  It 
increases  our  knowledge  of  the  fatigue  and  recovery  of  tetanised  muscles. 
But  it  leaves  the  question  as  to  the  origin  of  tetanus  unsolved,  in  as  far  as 
the  greatest  part  of  the  experiments  were  made  on  muscles  which,  accord- 
ing to  our  definition  of  tetanus,  were  not  completely  tetanised,  since  the 
initial  height  (corresponding  to  a  simple  contraction)  was  not  greatly  exceeded. 

It  is  further  to  be  remai  ked  that  the  fatigue-curve  of  tetanised  muscles  is 
not  to  be  compared  with  that  obtained  from  muscles  fatigued  by  separate 
successive  contractions.  Prof.  Kronecker  in  his  Dissertation  (p.  35)  noticed 
the  peculiar  change  which  the  tetanus  curve  undergoes  in  consequence  of 
exhaustion,  and  illustrated  it  by  a  ^csimile  diagram  in  the  same  way  that 
Minot  has  done. 


ON  THE  SO-CALLED  "INITIAL  CONTRACTION."  By 
HUGO  KRONECKER,  Professor  of  Physiology  in  Berlin;  ami 
WILLIAM  STIRLING,  M.D.,  Sc.  D.,  Regius  Professor  of  the 
Institutes  of  Medicine  in  t/ie  University  of  Aberdeen. 

Almost  simultaneously  with  the  appearance  of  our  complete  paper 
"On  the  Genesis  of  Tetanus,**  Prof.  Bernstein  published  a  note,  Ueber 
Erzeugung  von  Tetanus  und  die  Anwendung  des  akustischen  Stromun- 
terbrechers*,  in  which  he  objects  to  the  account  of  his  experiments  "on 
the  action  of  rapid  stimulation,"  given  by  us  in  our  preliminary  com- 
munication "f. 

In  our  complete  paper  (anteaf  pp.  407 — 419)  we  have  shown  that  the 
"initial  contraction"  accepted  by  Bernstein  and  obtained  from  a  muscle 
tetanised  by  very  rapid  stimulation  is  not  a  normal  phenomenon*  It 
appears  necessary,  however,  to  give  a  resum^  of  the  facts  relating  to 
the  question. 

Bernstein  characterises  the  following  sentence,  taken  from  oiu: 
preliminary  communication,  as  "  wrong  throughout." 

"Bernstein  says  that  a  complete  tetanus  no  longer  occurs  with 
250  induction  shocks  per  second.  With  weak  stimuli  after  a  strong 
initial  contraction  there  are  only  feeble  indications  of  tetanus.  With 
strong  stimuli  the  tetanus  disappears,  and  there  is  only  an  initial  con- 
traction when  500  shocks  per  second  are  employed.  In  several  cases 
Bernstein  has  observed  tetanus  to  occur  with  1760  strong  stimuli 
per  sec." 

Nevertheless,  in  Bernstein's  work,  Z7e6er  den  Erregungsvorgang 
im  Nerven-  und  Muskehystem  at  -p.  112,  we  find  the  foUo¥ring  protocolL 

Experiment  3.  Sartorius. 

130  Vibrations  No  AZ. 

232         „  Weak  A  Z.     R  =  12cm. 

Distinct  A.  Z.    R=  12*5  cm. 

Tetanus.    R  =  1 1  cm. 
406  „  Strong  A.  Z.     R  =  7  cm. 

•  PJlUger*t  ArcMvy  Bd.  rvn.  121. 

t  Ueber  die  Oenesis  des  Tetanus,  von  H.  Kroneoker  nnd  Wm.  Stirliog,  MonaUb,  d, 
ki'migl,  Akad.  d.  Wiuensch,  zu  Berlin,  6th  Dec.  1877. 
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In  order  to  understand  this  protocol!  it  must  be  observed  that  A.  Z. 
indicates  "  Anfangszuckung''  or  "  initial  contraction/'  R  distance  of  the 
secondary  from  the  primary  coil  of  a  du  Bois-Reymond's  induc- 
torium  put  in  action  by  two  Grove's  elements.  The  frequency  of 
stimulation  was  calculated  by  doubling  the  number  of  vibrations  of  the 
vibrating  spring  of  the  acoustical  current-interrupter.  That  this  as- 
sumption is  only  true,  however,  when  the  opening  and  closing  shocks 
are  of  equal  intensity,  we  have  shown  in  our  paper,  p.  397.  Bern- 
stein himself,  in  commenting  on  the  above  protocol),  remarks  that  for 
the  direct  stimulation  of  the  sartorius  he  employed  a  bad  conducting 
secondary  circuit  in  the  primary  spiral  (dilute  H^SOJ,  and  further  that 
he  had  to  put  soft  iron  into  the  primary  coil  to  increase  the  action  of 
the  current.  "  Thereby  the  certainty  of  the  closing  and  opening  shocks 
exciting  simultaneously  is  lost.  But  the  reliability  of  the  experiment 
is  not  affected,  if  with  each  experiment  the  action  of  the  current  is 
ascertained  by  closing  and  opening  the  primary  circuit  with  the  hand." 
It  is  not,  however,  proved  that  in  the  incomplete  contact  which  occura 
with  rapidly  vibrating  springs,  weak  currents  remain  effective.  Results 
similar  to  those  of  the  above  cited  protocoll  are  to  be  found  in  Experi- 
ment 2  (p.  112),  and  in  Experiments  4,  7,  8  (p.  106). 

We  think  ourselves  justified  in  speaking  of  the  stimuli  employed  by 
Bernstein,  viz.,  464  per  sec. — we  gave  in  round  numbers  500 — as 
"strong  stimuli,"  for  with  Bernstein  (p.  126),  and  indeed  with  most 
physiologists,  we  distinguish  weak  (minimal)  and  strong  (maximal)  sti- 
muli. We  desire  however  to  prove  this  assertion  from  Bernstein's 
own  memoir.  Bernstein  draws  the  following  conclusions  from  the 
above-cited  experiments,  in  which  he  excited  the  muscle  either  directly 
or  through  the  nerve.  "  The  number  of  stimuli  in  a  second  at  which 
the  initial  contraction  occurs  varies  in  both  cases  more  or  less  from  the 
number  300.  It  is  not  to  be  expected  that  an  exact  coincidence  in  the 
appearance  of  the  initial  contraction  would  occur,  when  one  remembers 
how  variable  are  the  factors  on  which  the  condition  of  nerve  and 
muscle  depends.  It  is  sufficient  to  have  proved  its  occurrence  within 
certain  limits  of  the  number  of  stimuli  employed,  and  the  constancy  of 
the  phenomenon." 

On  the  following  page  (p.  114),  Bernstein  says:  "Now  let  us  re- 
member that  the  duration  of  the  negative  variation  in  a  single  element 
of  the  muscular  fibre,  or  what  is  the  same  thing,  the  duration  of  the 
vibration  of  the  wave  of  stimulation  in  a  muscular  fibre,  was  found  to 
be   004  sec,  i.  e.  equal  to  ^  sec.     This  number,  however,  lies  within 
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the  limits  indicated,  -^  and  ^^,  and  almost  coincides  with  Che  interval 
between  such  rapidly  following  stimuli,  which  excite  the  first  traces  of 
the  initial  contraction,  and  thus  we  are  accordingly  led  to  the  assump* 
tion  (!)  that  the  phenomenon  of  the  initial  contraction  stands 
in  a  causal  relation  with  the  duration  of  the  negative  varia- 
tion in  a  muscular  fibre."  This  "assumption"  is  strengthened  not 
only  by  other  experiments,  but  also  by  similar  considerations,  so  that  on 
p.  125,  we  find  "that  the  phenomenon  of  the  initial  contraction  is 
thereby  explained." 

"  A  strength  of  stimulus  may  be  sought  with  which  the  crest-like 
part  of  the  curve  of  the  wave  of  stimulation  runs  so  flat  that  it  no  longer 
causes  excitation,  whilst  the  beginning  of  the  whole  curve,  which  rises 
abruptly,  is  followed  by  an  excitation.  In  this  case  the  observer  will 
notice  a  single  contraction  at  the  beginning  of  the  curve,  whilst  we  have 
during  the  period  of  stimulation  rest  of  the  muscle.  This,  as  is  obvious, 
is  the  explanation  of  the  initial  contraction  as  we  have  observed  it,  viz., 
with  stimuli  corresponding  to  300 — ^jOO  per  sec.  If  the  stimulation  is  in- 
creased, the  stimulation-waves  increase  in  height,  the  single  parts  of  the 
curve  become  more  steep,  and  now  a  weak  tetanus  first  appears,  which 
succeeds  the  larger  initial  contraction,  and  on  increasing  the  stimuli, 
passes  at  last  into  a  strong  tetanus.  This  is  the  course  of  events  as  we 
may  predict  them,  and  as  we  have  actually  witnessed  them.  It  must, 
therefore,  be  admitted  that  the  explanation  given  completely  coincides 
with  the  observed  facts,  and  that  we  are  of  necessity  led  to  depen- 
dence of  the  excitation  on  the  wave  of  stimulation." 

Bernstein,  at  the  "  end"  of  his  investigation,  is  fully  convinced,  for 
at  p.  232,  he  says :  "  The  law  of  excitation  is  common  to  the  nerve  and 
muscular  fibre.  It  may  be  proved  experimentally  in  the  case  of  the 
muscle,  that  the  intensity  of  the  stimulation  is  a  function  of  the  wave  of 
stimulation.  By  stimulating  with  rapidly  occurring  currents  we  have 
found  an  interference-phenomenon,  which  shows  the  excitation  in  the 
muscle,  and  which  depends  on  the  fact,  that  under  these  circumstances 
the  waves  of  stimulation  overlap."  "The  occurrence  of  the  initial 
contraction,  and  the  dependence  of  its  appearance  upon  that  of  the  in- 
terval of  stimulation,  whose  duration  coincides  with  the  duration  of  the 
negative  variation,  leads  us  to  the  law  already  given,  in  consequence  of 
which  the  excitation  is  dependent  on  the  rapidity  with  which  the  cur- 
rent of  an  element  of  a  fibre  varies  or  becomes  changed." 

Why  then  does  Bernstein  so  stoutly  guard  himself  against  our 
account  of  his  numerical  results,  which  are  calculated  to  support  his 


424  H.  KRONECESR  AND  W.  STIRLING. 

thecoy,  and  whicfa  he  had  not  doubted  2  We  said,  "  with  weak  stimuli, 
with  250  induction  shocks  per  sec.,  after  a  strong  initisd  contraction, 
there  are  only  feeble  indications  of  tetanus."  Bernstein,  however, 
maintains  that  he  only  said  ''that  with  this  number  of  stunuli  the 
initial  contraction  occurs."  Then  he  quotes  a  passage  from  his  Memoir 
(p.  102),  where  he  says,  "Very  soon,  however,  on  pushing  up  the 
secondary  spiral  a  limit  is  reached,  at  which  the  very  strong  initial 
contraction  is  succeeded  by  a  weak  tetanus,  and  if  the  coils  are  pushed 
still  closer,  then  a  strong  tetanus  results/'  It  was  to  this  detailed 
description  that  our  remarks  were  directed.  In  several  cases  Bernstein 
had  observed  the  occurrence  of  tetanus  with  1760  strong  stimuli  per 
sea  We  might  therefore  have  been  afraid  of  being  informed  by 
Bernstein  that  he  could  still  tetanise  with  such  a  number  of  stimuli, 
not  in  several  cases,  but  only  in  this  one,  for  only  on  p.  110 
of  his  Memoir  do  we  find  the  same  number  of  stimuli,  1760,  with  the 
observation,  "Here  also  the  result  was  the  same."  "On  employing 
induction-shocks  they,  equally  with  the  constant  current,  caused  the 
appearance  of  the  initial  contraction  with  the  same  regularity  as  we 
have  already  indicated."  On  the  contrary,  Bernstein  now  maintains 
that  with  1760  stimuli  per  sec.  he  observed  tetanus  to  occur  not  in  one 
case,  but  in  all  cases  when  the  stimuli  were  of  sufficient  strength.  Later, 
"he  succeeded  in  detecting  the  muscle-tone  of  900  vibrations  in  a 
rabbit's  muscle  excited  with  the  same  number  of  stimuli." 

That  with  such  a  large  number  of  stimuli  per  second  a  continuous 
tetanus  without  a  large  initial  contraction  can  occur  is  not  favourable 
to  the  theory  of  Bernstein ;  for  no  matter  how  high  may  be  the  wave 
of  excitation,  seven  waves  which  (with  1760  stimuli  per  sec.)  occupy 
the  space  of  one  wave-length,  would  only  permit  of  a  small  descent  in 
the  crests  of  the  wave  of  excitation.  These  small  variations  must  be 
sufficient  to  produce  a  continuous  tetanus,  whose  height  should  be 
equal  to  a  maximal  contraction. 

On  the  other  hand,  Bernstein  must  admit  (p.ll9)  that  occasionally 
the  initial  contraction  takes  place  with  less  than  250  stimuli  per  sea, 
viz.  with  224.  He  tries  to  explain  this  by  the  assumption  that  the  dura- 
tion of  the  negative  variation  may  be  increased  (by  fatigue,  &c).  He 
says,  "We  must  notice  specially  that  we  have  never  observed  a  distinct  (?) 
initial  contraction  with  less  than  200  stimuli  per  sec,  i,e.  with  an  interval 
of  stimulation  which  is  certainly  greater  than  the  duration  of  a  wave  of 
stimulation,  an  initial  contraction  never  occurs :  a  circumstance  in  which 
we  cj»erve  a  marked  support  of  our  view  regarding  the  origin  of  the 
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initial  contraction.'*  It  is  to  be  regretted  that  in  the  details  of  the 
experiments  there  are  no  cases  where  the  initial  contraction  appeared  with 
fewer  stimuli  than  224  per  sec.  Nevertheless  Bernstein  says  (p.  120) 
that  ''  occasionally  a  phenomenon  similar  to  the  initisd  contraction  is 
observed  on  stimulating  with  an  ordinary  du  Bois-Reymond's  induo- 
torium."  "  The  number  of  vibrations  produced  by  this  apparatus  cer- 
tainly never  reaches  100."  He  regards  such  **  initial  contractions "  as 
due  to  the  higher  tones  produced  by  the  apparatus  ("  Klirrtone "). 
The  perfectly  justifiable  objection  that  according  to  general  experience, 
when  employing  very  weak  stimuli  (and  which  concern  us  here),  only 
the  opening  shocks  are  active,  and  therefore  necessitating  that  the 
number  given  should  be  halved  is  not  even  taken  notice  of  by  Bern- 
Btein.  Nowhere  is  any  mention  made  how  the  theory  of  the'^Erre- 
gungsvorgang "  is  to  be  brought  into  harmony  with  the  hci  that  in 
addition  to  an  initial  contraction  there  is  not  also  a  ''  finsd  "  one.  On 
p.  102  it  is  distinctly  stated  that  on  closing  the  circuit  no  contraction 
was  observed.  Lastly,  Bernstein  must  prove  that  the  contraction 
Been  (not  recorded  graphically)  by  him  was  actuidly  a  simple  contrac- 
tion, for  this  is  of  fundamental  importance  for  his  theory. 

We  may,  therefore,  well  be  allowed  to  doubt  the  reality  of  the 
"  initisd  contraction." 

We  have  shown  that  even  with  the-  greatest  frequency  of  stimula- 
tion no  "initial  contraction^  is  to  be  observed.  But  the  "minimal 
tetanus"  which  passes  into  the  "initisd  contraction"  can  only  be  ob- 
tained with  the  help  of  complete  apparatus  for  stimulating,  as  one  of  us 
has  proved  *.  The  capillary  contact  renders  such  uniform  stimulation 
possible.  Of  course  the  apparatus  for  washing  the  mercury  in  this 
apparatus  must  be  so  regulated  that  the  little  bubbles  of  air  do  not 
disturb  the  mercury.  Mercurial  contacts  with  an  oxydised  surface  are 
more  incomplete  the  less  deeply  the  platinum  point  descends ;  thus  it 
may  happen  that  with  small  vibrations  there  may  not  be  a  complete 
separation  of  the  mercury  from  the  vibrating  point,  but  only  an  attenua- 
tion of  the  drop  of  the  impure  metal.  It  is  therefore  explicable  how 
the  short  (rapidly  vibrating)  springs  of  the  acoustical  interrupter  enfeeble 
the  galvanic  current. 

Even  under  the  assumption  that  the  current  is  uniformly  diminished, 
it  is  easily  understood  that  tetanus  produced  by  minimal  stimuli  ceases 
abruptly,  nay  even  passes  into  a  single  contraction,  because  as  one  of 

•  Verhandl.  d,  phy$ioL  Ge$,  zu  Btrlin,  1877—78.    No.  8. 
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US  *  has  shown  the  fatigue-curve  of  rapid  contractions,  after  a  rela« 
tively  long  period  for  recovery,  falk  abruptly  towards  the  abscissa, 
compared  with  the  first  contraction  discharged. 

Bernstein  in  his  remarks  on  our  paper  quotes  the  following 
passage  from  his  "Untersuchungen"  (p.  120) :  "The  results  which  we 
have  obtained  from  the  foregoing  experiments  lead  us  to  the  question 
whether  it  may  not  be  possible  to  repeat  a  stimulus  so  rapidly,  i.e,  at 
such  short  intervals,  that  neither  the  muscle  nor  the  nerve  shall  be 
thrown  into  a  state  of  activity.  This  question  has  often  been  attacked 
by  many  experiments,  but  up  to  this  time  no  apparatus  has  been 
devised  sufficient  to  solve  this  problem.  Even  our  interrupting-apparatus 
is  not  sufficient  to  solve  this  problem  experimentally ;  and  in  our  ex* 
periments  we  have  not  been  able  so  to  increase  the  number 
of  stimuli  in  the  unit  of  time,  so  as  to  reach  the  desired  end." 

But  since  his  greatest  frequency  (1760  in  a  sec.)  did  not  reach  the 
number  found  to  be  active,  not  only  by  Harless,  but  also  by 
Heidenhain  and  by  v.  Wittich,  and  we  have  employed  a  frequency 
nine  times  greater  with  satisfactory  results,  the  priority  of  his  claim  is 
of  little  consequence. 

Bernstein  expresses  his  doubts  guardedly  respecting  our  calcula- 
tion of  the  number  of  stimuli  from  the  pitch  of  the  tone  obtained 
from  our  vibrating  longitudinal  rod.  This  doubt  we  have  ourselves 
discussed  as  possible,  and  set  aside  (p.  418). 

*  H.  Kronecker,  Ueber  die  Ermtidimg  und  Erholung  d.  qnergest.  Moskeln.  Arb,  aiu 
d.  physiol,  Antt,  zu  Leipzig,  1S71.    Yi.  p.  220,  et  seq. 


CHANGES  OP  THE  GLOBULAR  RICHNESS  OP  HUMAN 
BLOOD.  By  E.  G.  CUTLER,  M.D.,  Boston,  and  E.  H. 
BRADFORD,  M.D.,  Boston. 


Dr  Chambers*  has  spoken  of  the  blood  as  "the  floating  capital 
lying  between  assimilation  and  nutrition,  a  treasury  liable  to  con- 
tinuous drafts  from  the  latter  and  requiring  therefore  constant  supplies 
from  the  former  to  keep  up  its  efficiency." 

It  is  natural  therefore  to  suppose  that  the  amount  of  this  "capital" 
would  vary  normally  under  certain  conditions.  The  globular  richness 
is  greater  in  males  than  in  females.  There  is  according  to  Malassez 
a  difference  in  the  same  person  according  to  the  surroundings  in  which 
he  is  placed.  In  winter  the  red  globules  are  more  numerous  than  in. 
summer,  and  also  more  numerous  in  the  country  than  in  the  dtyf-. 

Cathartics  have  been  found  to  increase  the  globular  richness,  Brou- 
ardel|,  Wilbouchewitch,  Malassez§.  It  is  probable  that  the  same 
is  the  effect  of  diuretics  and  •diaphoretics.  It  is  possible  also  that  the 
consumption  of  large  quantity  of  fluids  will  diminish  the  globular 
richness  ||. 

M.  Lepinef  found  that  in  the  first  day  of  an  infant's  life  there  was 
an  increase  of  the  number  of  the  red  corpuscles  as  great  as  1,200,000  in 
the  cubic  millimeter.  In  the  ten  succeeding  days  there  was  a  progres- 
sive diminution  in  the  globular  richness  from  the  fact,  according  to 

*  IndigeitionSt  T.  E.  Chambers. 

t  Archives  de  Phys,  July,  1874,  p.  512. 

t  Oat'  Hebd,,  Aug.  4, 1876. 

§  Archives  de  Pky$,,  No.  4,  1874,  p.  52.  Uhle  n.  Wagner,  AUgem.  PatK^  1874, 
p.  682. 

II  Wagner,  AUgem,  Path.,  p.  682.  Afiimie  Satxmnine,  Paris,  1874.  Spec  Path,  u, 
Therap.,  Virohow,  1864,  p.  876. 

H  Qaz.  Hebd,t  Feb.  18, 1876,  p.  107. 
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M.  Lepine,  that  at  this  time  there  is  a  rapid  growth  of  the  child 
accompanied  by  an  increase  in  the  blood's  richness  in  senim.  He 
found  that  a  child  whose  mother  became  sick  on  the  eighth  day  lost 
weight,  and  on  the  twelfth  day  weighed  exactly  what  it  did  on  the 
fourth;  the  globular  richness  was  exactly  the  same  as  it  had  been  on 
the  fourth.  There  had  been  no  decrease  as  normally  takes  place. 
Vide  also  experiments  by  Panum*. 

Brouardel-f- found  that  in  a  man  with  cicatricial  contraction  of 
the  pylonis  with  constant  vomiting  the  globular  richness  two  days 
before  death  was  4,849,395  red  corpuscles,  and  7,852  white  corpuscles. 

There  had  been  a  concentration  of  blood  to  such  a  degree  that  it 
was  found  viscid  and  syrupy  at  the  autopsy.  Deprivation  of  food  and 
drink  therefore  causes  a  concentration  of  the  blood. 

There  is  however  an  actual  decrease  in  the  number  of  corpuscles  if 
enough  food  is  not  taken  and  in  a  state  of  fasting.  Two  guinea-pigs  \ 
of  the  same  size  and  weight  were  fed  in  a  difierent  way;  one  was  over- 
fed, and  the  other  under-fed.  The  first  gained  weight  and  the  second 
lost.  An  examination  of  the  blood  showed  a  globular  richness  in  the 
lean  guinea-pig  of  3,400,000,  a  globular  richness  in  the  fat  guinea-pig 
of  4,300,000.  Mantegazza§  found  a  diminution  in  the  number  of  the 
corpuscles  in  under-fed  rats. 

Vierordtll  found  that  in  a  hibernating  marmot  the  number  of  red 
corpuscles  was 

Nov.  1,        7,748,000 
Jan.  5,  5,100,000 

Feb.  4,         2,255,000 

Panum  IT  found  that  long-continued  incomplete  inanition  was  quite 
destructive  to  the  blood  corpuscles.  Badly  nourished  persons  have  a 
blood  which  is  poor  in  red  corpuscles. 

The  following  observations  which  we  have  made  after 
Malassez'  method  give  evidence  of  an  increase  of  the 
number  of  the  red  blood  corpuscles  after  eating.  The  exami- 
nations were  made  before  and  after  dinner,  which  was  taken  from  6  to 
7p.m.  There  was  at  the  same  time  a  decrease  in  the  white  cor- 
puscles. 

•  Virchow*fl  Arehiv,  xxix.  p.  481. 

t  Oaz,  Hehd.t  Aug.  4,  1876. 

X  Malassez,  Archives  de  Phy$,t  1875,  p.  261. 

§  Archives  de  Phys,^  1875,  Malassez. 

i!  Archiv  filr  phys,  Heilkunde,  1854,  p.  409. 

^  AUgem.  Path.,  Wagner,  1874. 
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In  almost  all  of  these  observations  ttiere  was  no  me&l  taken 
between  the  morning  meal  at  8  and  dinner  at  6. 

In  all  cases  there  was  an  increase  of  the  red  corpuscles  after  eating 
and  a  decrease  in  the  white. 

The  greatest  variation  was  957,000  red  corpuscles. 
n     least  „         „  2,708    „  „ 
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The  greatest  variation  in  the  white  was  6,891  white  corpuscles. 
»>      least  „  ,1  „  15U     ,,  „ 

Two  other  observations  made  more  hurriedly  and  therefore  less 
accurately  gave  similar  results — ^a  marked  increase  of  the  red  cor- 
puscles a  few  hours  after  a  meal  and  a  decrease  in  the  white. 

It  will  be  noticed  that  six  hours  after  a  meal  there  was  but  slight 
increase  of  the  red  corpuscles  or  decrease  in  the  white.  The  increase 
in  all  the  other  cases  except  Case  V.  was  so  marked  as  to  surpass  the 
limit  of  probable  error  of  the  method. 

Wilbouchewitch  gives  a  Table*,  the  result  of  similar  observa- 
tions, which  agree  with  our  own  as  to  the  red  corpuscles,  but  not  as  to 
the  white  corpuscles. 


Case  I. 


(before  eating,  4,200,000  red, 
h  hr.  after,        4,600,000 
(4  hrs.  after,      4,380,000 


Case  II. 


Case  III. 


Case  IV. 


(before  meal, 
•j  J  hr.  after, 
(4  hrs.  after, 

{before  meal, 
\  hr.  after, 

(before  meal, 
<^hr.  after, 
(3  hrs.  after. 


4,475,000 
4,587,000 
4,200,000 

5,337,600 
6,477,400 

4,531,300 
4,728,600 
4,360,000 


6,950  whi 

7,180 

6,980 

7,050 
7,250 
6,950 

8,350 
8,550 

6,950 
7,200 
6,900 


te 


The  above  figures  seem  to  give  satisfactory  evidence  that  there  is 
an  increase  in  the  globular  richness  of  the  red  corpuscles 
after  eating.  Whether  this  is  due  simply  to  a  concentration  of  the 
blood  during  the  process  of  digestion,  by  a  demand  upon  the  fluid  of 
the  blood  from  the  secreting  glands,  or  whether  there  is  a  new  forma- 
tion of  blood  corpuscles,  or  whether  merely  an  extra  supply  of  the 
oxygen-carrying  elements  is  thrown  into  the  circulation,  as  if  there 
were  a  call  upon  the  reserves  during  the  active  operations  of  digestion, 
must  be  decided  by  others.  The  fact  is  of  importance  to  the  clinical 
observer,  lest  he  attribute  to  treatment  what  is  really  a  physiological 
change.  Our  nineteen  observations,  one  excepted,  all  show  a  decrease 
of  white  corpuscles  after  a  meal.  This  is  not  the  easel  in 
Wilbouchewitch's  four  observations  taken  immediately  after  the 
meal,  though  in  a  few  hours  after  the  condition  has  changed. 


*  Arehivm  de  Phyt,,  1874. 
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Sorensen  *  found  an  increase  of  both  the  red  and  white  corpuscles 
of  his  own  blood  after  eating,  the  increase  in  the  white  being  pro- 
portionally greater.  He  used  the  method  of  Malassez.  Six  hours 
after  eating  the  increase  had  disappeared. 

It  would  be  interesting  to  investigate  the  elBFect  of  different  articles 
of  diet.  We  regret  that  we  have  been  unable  to  examine  this  subject 
in  preparing  this  paper. 

There  appears  to  be  a  diminution  in  the  number  of  the  red  cor- 
puscles in  the  fasting  during  sleep. 

I.  Blood  examined  at  11  p.m. 

gave  globular  richness  red        3,707,252 

white  5,957. 

At  8  A.M.  following  morning,  nothing  having  been  eaten  meanwhile, 
red  corpuscles  numbered  3,455,408 

white     „  „  7,447. 

II.  At  8  P.M.   red  corpuscles  were  3,351,840 

white      „  „  4,789. 

At  8  A.M.  following  morning  before  breakfast, 

red  corpuscles  were  3,247,284 

white      „  „  8,801. 

The  variation  was  corrected  by  a  meal;  for  at  10a.m.  the  same  day 
(breakfast  at  8.30), 

the  red  corpuscles  counted         3,550,188 
„   white    „  „  7,108. 

At  1.30  P.M.  (the  same  day)  nothing  having  been  eaten  meanwhile, 
the  red  corpuscles  numbered     2,843,400 
„    white    „  „  6,430. 

At  3  P.M.,  a  slight  lunch  being  taken  at  2.15  p.m., 
the  red  corpuscles  numbered     3,130,448 
„   white    „  „  6,770. 

III.  At  11  P.M.  3^  hours  after  dinner, 

the  red  corpuscles  numbered     4,202,100 
„   white    „  „  5,800. 

• 

At  8  A.M.  the  next  morning,  after  an  uninterrupted  night's  sleep,  an  exami- 
nation of  the  globular  richness  showed 

the  red  corpuscles  to  be  3,877,300 

„    white    „  „  5,800. 

In  all  three  cases  there  was  a  decrease  in  the  globular  richness 
of  the  red  corpuscles  during  the  night's  fast  In  two  an  increase 
of  the  white. 

*  Becherohes  snr  le  nombre  des  globules  rotiges  et  des  globules  blanos  dn  sang  dans 
diverses  ciroonstanoes  pbysiologiques  et  pathologiqnes.  Reviu  da  Scienus  Mid.,  Jan. 
16, 1878,  p.  76. 
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Keyes*  found  that  there  was  a  diminution  in  the  number  of  the 
red  corpuscles  in  his  own  blood  after  being  deprived  of  his  sleep  for  one 
night.  This  disturbance  in  the  globular  richness  was  corrected  in 
twenty-four  hours. 

One  of  us  found  that  the  globular  richness  of  his  own  blood  fell 
after  eight  days  of  irregular  meala  and  interrupted  and  irregular  sleep 
from  3,060,040  red  to  2,415,536  red.  The  white  rose  at  the  same  time 
from  2,369  to  4,062. 

It  rose  again  to  3,249,600  and  5,754  respectively,  after  a  few  days  of 
regular  life. 

Exercise f  seems  to  alter  the  globular  richness.  The  blood  counted 
before  a  mile-run  gave,  red  3,351^840,  white  4,739.  15  minutes  after 
gave,  red  3,005,880,  white  4,779. 

From  the  figures  just  given  it  would  seem  probable  that  the 
globular  richness  of  the  blood  would  vary  in  examinations  taken  at 
different  days.  Such  appears  to  be  the  case  from  the  following  obser- 
vations taken  from  the  blood  of  the  same  person  in  a  state  of  health, 
there  being  in  the  mean  time  no  marked  change  in  the  manner  of  life, 
the  observations  being  made  at  the  same  hour  of  the  day. 

April  4,  red  corpuscles       3,663,309 

white      „  4,577. 

May  3,  red  „  3,804,700 

white      „  4,062. 

June  21,        red  „  3,696,400 

white      „  3,365. 

August  1,  weather  very  hot, 

red  corpuscles       3,241,476 
white      „  6,193. 

September  2,  red         „  3, 374, 1 68 

white      „  3,375. 

The  variations  range  from  33,000  to  560,000  (roughly  stated)  for 
the  red,  and  in  the  white  corpuscles  from  300  to  2,800. 

Carrying  out  Dr  Chambers'  simile,  we  can  say  that  the  balance 
remaining  in  the  treasury  varies  from  time  to  time,  probably 
from  day  to  day. 

*  Am,  Joum,  Med,  ScL^  Jan.  1876. 

t  Ranke  found  that  the  mass  of  the  blood  was  diminished  at  first  by  mnsonlar  action, 
the  diminution  being  proportionate  to  the  violence  of  the  muscular  action.  If  however 
the  muscular  action  occurred  in  persons  accustomed  to  it,  there  was  secondarily  an 
increase  in  the  mass  of  the  blood.  Continued  muscular  exertion  caused  a  diminution  in 
the  mass  of  the  blood  (quoted  in  Uhle  and  Wagner's  AUgem,  Path,,  1874,  p.  288). 
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SUMMARY. 

The  facts  above  mentioned  may  be  summarized  as  follows. 

1.  The  globular  richness  of  the  blood,  or  the  number  of  globules  in  the 
cubic  millimeter  of  blood,  varies  greatly  in  different  parts  of  the  circulatory 
systeuL  These  local  variations  are  dependent  upon  the  functions  of  the  tissues 
or  organs  through  which  the  blood  passes,  and  may  be  supposed  in  the  main  to 
counterbalance  each  other. 

2.  The  globular  richness  of  the  blood  is  also  affected  by  general  causes ; 
such  as  the  amount  of  fluid  abstracted  from  the  blood  (diarrhoeas,  increased 
urinary  secretion  (?),  sweating  (?),  copious  vomiting),  and  by  a  depiivation  of 
the  regular  supply  of  fluid  to  the  economy. 

3.  The  globular  richness  is  subject  to  daily  variations. 

4.  There  is  a  decrease  in  the  globular  richness  of  the  red  corpuscles 
during  flEisting,  and  an  increase  after  a  meaL 

5.  There  is  probably  an  increase  in  the  globular  richness  of  the  white 
corpuscles  during  a  fast^  and  a  decrease  ailer  a  meaL 

6.  There  is  a  variation  of  the  globular  richness  in  different  seasons  of  the 
year. 

7.  There  is  a  slight  variation  in  the  globular  richness  from  one  week  to 
another. 


ESTIMATION  OP  LIME  IN  THE  SHELL  AND  IN  THE 
INTERIOR  OF  THE  EGG,  BEFORE  AND  AFTER 
INCUBATION.        By    V.    C.    VAUGHAN,     M.  D.,     Ph.  D., 

Lecturer  on  Physiological   Chemistry  in  the    University  of  Michigan; 
assisted  by  HARRIET  V.  BILLS,  M.  D.,  of  Boston. 

In  the  egg  of  the  common  fowl,  the  evident  purpose  of  the  shell  is 
the  protection  of  the  contents,  while  its  porous  structure  admits  of  that 
entrance  and  exit  of  air  necessary  to  the  development  of  the  chick. 
Whether  it  serves  also  another  purpose  in  supplying  calcareous  matter 
for  the  formation  of  the  skeleton,  has,  so  far  as  we  know,  not  been 
made  an  object  of  investigation  since  the  days  of  Prout.  In  a  remark- 
able memoir^  published  in  1822,  that  distinguished  inquirer  says  "With 
respect  to  the  earthy  matter  found  in  the  skeleton  of  the  chick 
when  it  quits  the  shell,  I  think  I  can  venture  to  assert  after  the  most 
patient  and  attentive  investigation  that  it  does  not  pre-eanat  in  the  recent 
^99  >  certainly  not  at  least  in  any  known  state.  The  only  possible 
sources,  therefore,  whence  it  can  be  derived,  are  from  the  shell,  or 
transmutation  from  other  principles."  Prout  did  not  attempt  to  settle 
this  difficulty  because  he  believed  that  the  diflferences  between  the 
shells  of  diflferent  eggs  were  too  great  to  allow  of  the  application  of 
averages;  and  he  evidently  was  inclined  to  adopt  the  theory  of  transmu- 
tation, "though  I  confess  myself  not  bold  enough  to  assert  such  a  theory 
in  the  present  state  of  our  knowledge." 

We  venture  to  think  that  Prout  exaggerated  the  difficulties  of 
taking  a  satisfactory  average,  and  that  our  results  shew  no  necessity  to 
take  refuge  in  the  doctrine  of  transmutation. 

Our  method  was  as  follows:  after  destroying  organic  matter  by 
burning,  the  lime  was  dissolved  by  hydrochloric  acid,  precipitated  as 
sulphate,  in  presence  of  alcohol,  dried  and  weighed. 

The  chick  was  secured  when  fully  developed  but  still  within  the 
shell,  was  assisted  to  escape,  killed  without  loss  of  substance  and  sub- 
jected to  the  same  processes  as  the  shell.  The  membranes  were 
counted  a  part  of  the  shell  and  estimated  with  it.    Medium  sized  eggs 

^  Some  Experiments  on  the  changes  which  take  place  in  the  fixed  principles  of  the 
Egg  during  incubation.    By  William  Prout,  M.D.,  F.R.S.,  Phil,  Traiu,  1822,  p.  377. 
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Table  of  Analyses. 


Amoant 

of  CaSO^. 

Average. 

Grammes. 

Grammes. 

Grammes. 

Grammes. 

(1)  From  interior  of  6  egga 

•45755 

-07525 

From  shells  of  6  eggs 

37-702 

1 

6-283 

(2)  From  interior  of  6  egga 

•383 

•0638 

From  shells  of  6  egg^ 

30-521 

5  0868 

Total  amount  from  interior 

•83455 

Average  from  interior 

•0695 

Total  amount  from  shells 

68-223 

Average  from  shells 

5-685 

(3)  From  interior  of  1  egg 

•066 

•066 

From  shell  of  1  egg 

515775 

5-15775 

(4)  From  2  chickens 

•593 

•2965 

From  shells  of  2  chickens 

11-822 

5-911 

(5)  From  3  chickens 

1-21525 

•405 

From  shells  of  3  chickens 

16-17225 

5-39076 

(6)  From  1  chick 

•362 

•362 

From  shell  of  1  chick 

5-768 

6-768 

(7)  From  1  chick 

•3445 

•3445 

From  shell  of  1  chick 

57195 

6-7196 

(8)  From  5  chickens 

20765 

•4153 

From  shells  of  5  chickens 

24-851 

4-9702 

Total  in  chickens  (12) 

4-59125 

Total  in  shells 

64-33275 

1 

Average  in  chick 

•3826 

Average  in  shell 

5-361 

Average  loss  in  shell 

•3239 

Average  gain  in  chick 

-3131 

Loss  not  accounted  for 

•0108 

only  were  used,  those  either  larger  or  smaller  than  the  average  being 
rejected. 

The  results  given  in  the  Table  of  Analyses  shew  that  the  average 
amount  of  lime  in  one  fully  developed  chick  is  five  and  a  half  times 
that  found  in  the  interior  of  one  fresh  egg.  That  is,  the  chick  has 
appropriated  the  amount  of  lime  contained  in  '3131  grammes  of  CaSO^ 
more  than  can  be  obtained  from  the  interior  of  one  egg.  It  is  pro- 
bable that  in  the  fourth  experiment,  where  the  lime  from  two  chickens 
was  weighed,  a  portion  was  lost^  so  that  the  figures  *295  granunes  as 
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the  weight  of  one  are  less  than  they  should  be.     Had  the  full  weight 
been  preserved,  the  excess  in  the  chick  would  be  still  more  evident. 

The  Table  also  shews  that  the  loss  in  the  shell  is  more  than  suffi- 
cient to  account  for  the  gain  of  lime  in  the  chick. 

Considering  it  proven  that  lime  is  taken  by  the  chick  from  the 
shell,  another  problem  remains  to  be  solved.  By  what  agent  is  it 
dissolved  and  by  what  course  does  it  traverse  the  intervening  tissues  ? 
The  membrane  immediately  surrounding  the  embryo,  the  aUantois,  is 
delicate  and  very  vascular;  but  those  exterior  to  this,  the  lining 
membranes  of  the  shell,  are  entirely  destitute  of  blood-vessels,  though 
easily  permeated  by  fluids. 

The  shell  consists  chiefly  of  calcic  carbonate,  soluble  in  most  acids, 
neutrsd  salts  of  the  alkalies,  eta  Lehmann  says,  "After  fourteen  days 
of  incubation,  the  inner  membrane  of  the  shell,  the  interior  parts  of  the 
embryo,  and,  in  one  case  also,  the  liquor  amnii  exhibited  an  acid 
reaction."  To  what  acid  this  is  due  is  not  stated,  but  it  seems  possible 
that  by  this  means  the  gradual  solution  of  the  lime  is  effected,  and  the 
absorption  by  osmosis  into  the  vessels  of  the  allantois  might  take  place. 

According  to  Von  Baer,  ossification  takes  place  chiefly  after  this 
time,  a  few  centres  appearing  on  the  eighth  or  ninth,  but  the  majority 
during  the  eleventh,  twelfth  and  thirteenth  days. 

Probably  the  atmospheric  gases  which  pass  freely  through  the  shell 
and  its  membranes  should  be  studied  in  this  connection,  as  calcic  carbo- 
nate is  soluble  in  some  of  them  under  certain  conditions. 


ON  THE  PHYSIOLOGICAL  ACTION  OP  NARCISSIA, 
AN  ALKALOID  OBTAINED  FROM  THE  BULB  OP 
THE  COMMON  DAFFODIL  (Narcissus  Pseudo-Nar- 
cissus). By  SYDNEY  RINGER,  M.D.,  Professor  of  Medicine 
at  Universiti/  College^  Lmdon,  and  E.  A.  MORSHEAD,  M.R.C.S., 
Li.R.C.P. 

In  the  spring  of  1877  Mr  Gerrard,  Teacher  of  Pharmacy  in  Uni- 
versity College,  London,  extracted  from  flowering  bulbs  of  the  common 
Daffodil  an  alkaloid  to  which  he  gave  the  name  Narcissia.  In  its 
physiological  action  it  seemed,  in  many  respects,  to  resemble  atropia ; 
for  it  dried  the  mouth,  checked  perspiration,  dilated  the  pupil  and 
quickened  the  pulse. 

At  a  later  period  of  the  year  he  extracted  from  bulbs  which  had 
done  flowering  an  alkaloid  which,  in  its  general  chemical  characters, 
appeared  to  be  identical  with  the  one  first  obtained.  Its  physiological 
action  however  was  markedly  different;  for  so  far  from  drying  the 
mouth  it  produced  copious  salivation. 

Mr  Gerrard  kindly  placed  the  two  alkaloids  in  our  hands,  and  in 
the  following  pages  we  propose  to  give  an  account  of  the  physiological 
action  of  each  of  them,  chiefly  as  shown  when  administered  to  man. 

I.    The  alkaloid  obtained  from  flowering  bulbs. 

A  small  quantity  of  a  solution  of  the  sulphate  of  the  alkaloid 
(strength,  1  in  5  of  water)  was  dropped  into  the  eye.  The  pupil  veiy 
shortly  became  widely  dilated.  This  experiment  was  repeated  on 
another  individual  with  the  same  result. 

A  young  woman,  aged  18  years,  whose  hands  were  always  wet  with 
perspiration  so  profuse  as  to  be  visible,  received  on  June  6th  f  th  of  a 
grain  of  sulphate  of  narcissia  by  hypodermic  injection  in  the  arm.  In 
twelve  minutes  the  hands  were  quite  dry  and  so  remained  during  the 
hour  and  three  quarters  we  watched  her.  In  twenty-five  minutes  she 
complained  of  dryness  of  the  mouth.  Her  pupils  became  decidedly 
contracted  in  fifteen  minutes  and  rather  dilated  in  thirty  minutes.  Her 
pulse  in  half  an  hour  rose  to  120,  i  e.  an  increase  of  36  beats.  In  an 
hour  and  forty  minutes  it  had  fallen  24  beats.  In  the  evening  she 
complained  of  frontal  headache. 
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On  June  8th  the  injection  was  repeated.  In  nine  minutes  her 
hands,  which  previously  were  quite  wet  with  perspiration,  had  become 
drier ;  in  twelve  minutes  they  were  quite  dry,  but  in  forty-one  minutes 
some  moisture  returned.  In  nine  minutes  the  pupils  became  decidedly 
contracted  and  so  remained.  At  first  the  pulse  fell  10  beats  in  6 
minutes ;  in  twelve  minutes  it  rose  8  above  the  initial  beat  and  in  23 
minutes  22,  beating  124  in  the  minute.  After  this  the  pulse  gradually 
fell  and  in  an  hour  after  the  injection  it  was  112.  She  never  com- 
plained of  any  dryness  of  the  mouth. 

It  thus  appears  that  narcissia  promptly  checks  sweating  even  in 
doses  which  produce  very  slight  or  scarcely  any  dryness  of  the  mouth, 
and  that  it  also  greatly  increases  the  pulse  beat ;  in  both  respects  it 
closely  resembles  atropia. 

In  both  the  above  observations  the  drug  decidedly  contracted  the 
pupil,  the  contraction  in  one  experiment  giving  way  to  slight  dilatation. 
We  noticed  that  at  one  time  on  looking  at  a  strong  light  the  pupil  was 
decidedly  more  contracted  than  before  the  injection,  whilst  if  the  eye 
was  shaded,  the  pupil  was  decidedly  larger  than  before  the  injection. 
The  pupil  seemed  in  an  unstable  condition,  oscillating  a  good  deal  on 
looking  at  a  strong  light.  It  would  appear  therefore  that  in  moderate 
doses  this  alkaloid  causes  decided  contraction  of  the  pupil. 

We  next  tested  the  antagonism  between  pilocarpin  and  narcissia  in 
order  to  ascertain  whether  it  could  check  the  sweating  and  other 
symptoms  produced  by  pilocarpin.  On  June  2  we  injected  into  a 
healthy  person  hypodermically  half  a. grain  pf  pilocarpin,  which  almost 
immediately  produced  considerable  perspiration  and  salivation.  In 
eight  minutes  we  injected  f  ,gr.  of  sulphate  of  narcissia.  In  five 
minutes  salivation  greatly  declined  and  the  suprapubic  pain  produced 
by  the  pilocarpin  had  diminished.  In  7  minutes  salivation  ceased; 
in  12  minutes  perspiration  ceased,  the  skin  becoming  quite  dry. 

On  June  12th  this  observation  was  repeated  on  an  individual  who, 
on  account  of  a  slight  attack  of  gout  in  the  left  great  toe,  had  taken  in 
the  morning  a  drachm  and  a  half  of  colchicum  wine ;  this,  as  on  a 
former  occasion,  had  quickened  the  pulse  to  120  per  minute  and  made 
it  very  weak  and  irregular.  At  two  o'clock  we  injected  hypodermically 
half  a  grain  of  pilocarpin.  In  three  minutes  very  profuse  perspiration 
broke  out  over  his  whole  body  though  previously  his  skin  was  quite 
dry,  and  he  says  he  scarcely  ever  sweats.  His  hands  and  arms  were 
drenched  and  large  drops  of  sweat  stood  on  his  face.  There  was  no 
salivation.    The  pilocarpin  increased  the  pulse  to  128  and  132,  render- 
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ing  it  much  more  irregular  and  very  much  weaker.  The  patient  was 
pale  and  felt  faint.  Eight  minutes  after  giving  the  pilocarpin  we 
injected  ^  gr.  of  nitrate  of  narcissia.  In  three  minutes  the  perspira- 
tion became  decidedly  less  and  in  5  it  had  completely  ceased;  for  on 
wiping  his  left  hand,  arm,  and  left  side  of  face  they  remained  quite  dry. 
In  7  minutes  his  pulse  had  fallen  to  80 ;  in  22  minutes  it  beat  88  and 
had  become  much  stronger  and  much  less  irregular. 

These  observations  show  that  like  atropia,  narcissia  checks  sweating 
and  the  salivary  secretion. 

The  topical  application  to  an  eye  produced  curious  results.  In  a  few 
minutes  both  pupils  became  contracted,  the  drugged  eye  in  most  cases 
being  affected  more  than  its  fellow,  which  in  some  cases  remained  un- 
affected. In  one  case  the  contraction  of  the  drugged  eye  was  extreme, 
the  pupil  being  reduced  to  one -eighth,  having  been  previously  a  large 
one-third.  This  contraction  was  followed  by  dilatation,  the  undrugged 
eye  at  the  same  time  as  usual  growing  still  smaller.  The  dilatation  was 
generally  very  considerable,  the  pupil  being  increased  to  two-thirds  or 
three-fourths,  or  even  greater. 

Table  L  shows  the  results  of  our  observations. 


No.  of 

Contrac- 

Dilata- 

Experi- 

tion 

tion 

ment. 

began. 

began. 

1 

20  min. 

2 

20  min. 

3 

35  min. 

4 

25  min. 

5 

5  min. 

20  min. 

6 

7  min. 

26  min. 

7 

4  min. 

25  min. 

8 

4  miD. 

21  min. 

9 
10 

11 

12 


5  min. 

20  min. 

5  min. 

22  min. 

3  min. 

20  min. 

3  min. 

20  min. 

Table  I. 
Solution  1  in  10. 


DOatation 
lasted. 


6  days 

3  days 

2  days 

4  days 

36  hours 

3  days 


3  days 
Solution  1  in  5. 


Dragged  eye  only  contracted 
Both  contracted,  drugged  eye  most 

drugged    eye    ear- 
lier and  most 

drugged  eye  most 


91 


6  days 
9  days 

more  than 
8  days 

more  than 
5  days 


Both  decided  and  equally  contracted 

Drugged  eye  only  contracted;  re- 
duced from  7  to  |- 

Both  contracted,  but  drugged  eye 
most 

Both  contracted,  drugged  eye  most 
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Table  I.  continued. 
Solution  \  in  Z  (same  prep,  as  used  in  1  in  5). 


1 
2 
3 
4 
5 


No  dilatation 

No  effect 

Yery  slight  dilatation 

No  effect 

Very  slight  dilatation 


Both  contracted,  dragged  eye  most 


In  the  earlier  experiments,  though  we  noticed  the  fact  of  contraction, 
we  failed  to  record  the  exact  time  of  its  onset. 

It  will  be  seen  from  this  table  that  the  primary  contraction  began 
usually  in  about  five  minutes  and  lasted  ten  to  fifteen  minutes.  Usually 
the  contraction,  though  distinct,  was  slight,  and  as  we  have  said  affected 
both  eyes,  though  most  the  drugged  eye;  in  some  cases  indeed  the 
contraction  was  much  greater  in  this  eye.  The  contraction  when  it 
gave  way  was  followed  by  very  rapid  dilatation,  especially  after  the 
stronger  solution.  Thus  in  five  to  seven  minutes  in  some  cases  it 
dilated  from  a  small  quarter  to  three-quarter*.  With  respect  to  rapidity 
in  effecting  dilatation  we  suggest  that  it  exceeds  atropia. 

The  dilatation  lasts  a  variable  time.  The  1  in  10  solution  induced 
a  dilatation  lasting  on  an  average  nearly  three  days.  With  a  stronger 
solution,  1  in  5,  the  dilatation  persisted  longer,  on  an  average  in  our 
cases  of  seven  days. 

We  are  led  to  conclude  that  narcissia  paralyses  accommodation  less 
than  atropia.  At  least  our  patients  complained  of  very  little  dimness 
or  haziness,  even  when  the  pupil  was  widely  dilated  ;  but  we  must 
admit  that  our  observations  on  this  point  are  not  sufficiently  accurate  to 
justify  a  positive  conclusion. 

In  Table  II.  we  give  the  effect  of  the  hypodermic  injection  of  nar- 
cissia on  the  pulse. 

Table  II. 


Sex. 

Age. 

Dose 
in- 
jected. 

Pulse 

before 

injection. 

Pnlse 
rose  to 

Continued 
quick 

Condition  of  patient. 

F 

19 

|g**. 

84 

128 

2  hours 

Epileptic           ^ 

If 

»» 

|gr. 

92 

124 

9» 

M 

39 

|gr. 

64 

116 

5  hours 

Convalescent  from  Deli- 

rium Tremens 

M 

62 

4gr. 

No  effect  on  pulse 

Jaundiced* 

» 

91 

Ugr. 

No  effect  on  pulse 

Jaundiced* 

*  The  only  effect  in  these  eases  was  slight  but  distinct  contraction  of  the  pupil.    As 
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These  observations,  though  few,  show  that  narcissia  quickens  the 
pulse. 

The  similarity  between  many  of  the  effects  of  narcissia  and  of  atropia 
led  us  next  to  experiment  on  the  heart,  regarding  the  antagonism 
between  narcissia  and  muscarin  respectively,  and  between  narcissia  and 
pilocarpin.  We  shall  first  speak  of  the  antagonism  between  narcissia 
and  muscarin. 

Having  destroyed  the  brain  in  the  usual  way,  and  waited  till  the 
effects  of  shock  had  passed  away,  we  opened  the  thorax,  and  laying 
bare  the  heart  found  it  beating  40  in  the  minute.  We  next  made  a 
small  opening  into  the  pericardium,  and  poured  into  it  a  small  quantity 
of  a  solution  of  muscarin  (1  in  4).  Twenty  minutes  afterwards  the 
beats  fell  to  22,  whilst  the  contractions  of  the  cavities  became  much 
feebler,  and  the  auricular  and  ventricular  movement  lost  its  almost 
continuous  action,  a  distinct  though  slight  interval  elapsing  between 
the  contraction  of  the  auricle  and  that  of  the  ventricle.  We  next 
poured  into  the  pericardium  a  small  quantity  of  a  solution  of  sulphate 
of  narcissia  (1  in  10).  In  two  minutes  the  beats  per  minute  rose 
to  26,  but  in  nine  minutes  they  fell  to  14,  and  remained  between  12 
and  14  during  the  next  hour  and  a  half.  Though  the  narcissia  failed 
to  quicken  the  heart's  contractions,  in  other  respects  it  greatly  improved 
them ;  thus  previous  to  the  injection  of  the  narcissia  there  was  veiy 
slight  ventricular  contraction,  the  cavity  being  widely  dilated ;  but  after 
the  narcissia  the  contraction  of  both  auricles  and  of  the  ventricle  became 
very  much  stronger  and  more  complete,  and  the  ventricular  contraction 
immediately  followed  the  auricular. 

Judging  from  this  experiment,  narcissia  would  seem  to  obviate  some 
of  the  effects  of  muscarin,  strengthening  the  auricle  and  ventricle, 
and  removing  the  interval  between  the  auricular  and  ventricular  con- 
tractions. 

We  repeated  this  experiment,  applying  to  the  exposed  heart  a  small 
quantity  of  muscarin  solution  (1  in  4),  but  without  any  effect  either  on 
the  frequency  or  force  of  the  heart's  contractions.  After  waiting  half 
an  hour  we  applied  a  little  of  the  nitrate  of  pilocarpin  solution  (1  in 
12),  and  in  five  minutes  the  beats  fell  from  36  to  22  per  minute  and 
continued  at  this  rate,  though  the  strength  of  the  contraction  grew 
weaker  and  weaker,  so  that  in  16  minutes  the  heart  beat  very  feebly. 

this  man  appeared  to  resist  the  action  of  narcissia,  we  tested  the  effects  of  ^  gr.  atropia 
given  hypodermically.  This  also  produced  no  effect  except  to  qnicken  his  pulse  10  beats, 
but  neither  drying  his  mouth  nor  dilating  his  pupiL 
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We  then  applied  to  the  heart  a  little  of  the  sulphate  of  narcissia 
solution  (1  in  5).  The  first  effect  lasting  about  a  minute  was  a  decided 
increase  in  the  cardiac  weakness ;  indeed  the  heart  all  but  stopped.  In 
two  minutes,  however,  the  contraction  became  far  stronger  than  previous 
to  the  medication;  in  fact  the  ventricular  contraction  was  fairly 
strong,  the  walls  of  the  cavity  becoming  firm  and  pale.  The  heart  beat 
22  per  minute.  In  four  minutes  the  ventricle,  still  at  22  per  minute, 
beat  very  strongly.  An  hour  and  a  half  after  the  application  of  the 
narcissia,  and  two  and  a  half  hours  from  the  commencement  of  the 
experiment,  the  ventricle  stopped  in  wide  diastole,  and  then  only  an 
occasional  auricular  contraction  occurred. 

In  some  subsequent  experiments  we  found  that  on  the  application 
of  the  muscarin  solution  the  heart  was  often  not  at  all  or  scarcely 
affected  either  in  frequency  or  in  force,  so  that  we  were  unable  to  test 
the  antagonistic  action  of  narcissia.  We  therefore  suspended  this  in- 
vestigation to  test  the  antagonism  between  narcissia  and  pilocarpin. 
Our  muscarin  was  synthetically  prepared  by  Merck  of  Darmstadt, 
and  our  experiments  lead  us  to  conclude  that  this  preparation  or  the 
specimen  sent  us  exerts  a  far  feebler  action  on  the  heart  than  the 
muscarin  extracted  from  the  fungus. 

We  again  tested  the  antagonism  between  pilocarpin  and  narcissia. 
We  prepared  a  frog  as  in  the  previous  experiments,  and  having  laid 
bare  the  heart  found  it  beating  38  per  minute.  We  then  poured  into 
the  pericardial  sac  a  little  solution  of  nitrate  of  pilocarpin  (1  in  12). 
The  heart  immediately  stopped  in  diastole,  all  the  cavities  being  widely 
distended  with  blood;  and  during  the  next  three  minutes  the  heart 
remained  in  this  condition,  mechanical  stimulation  meanwhile  failing 
to  excite  contraction.  We  then  poured  into  the  pericardium  a  very 
small  quantity  of  the  sulphate  of  narcissia  solution,  and  at  once  the 
heart  recommenced  beating  vigorously  18  per  minute,  and  in  twenty- 
two  minutes  it  beat  strongly  24  per  minute,  and  during  the  hour  we 
watched  this  organ  it  never  beat  any  quicker.  In  six  hours  we  found 
the  heart  arrested  in  wide  diastole.  Here  the  effects  of  the  narcissia 
were  very  decided.  It  obviated  the  inhibitory  effects  of  the  pilo- 
carpin, and  restored  strong  vigorous  contraction  to  the  arrested  heart. 

We  repeated  this  experiment  on  another  animal,  applying  to  the 
exposed  heart  a  little  of  the  nitrate  of  pilocarpin  solution  (1  in  12). 
In  one  minute  the  heart  beat  much  feebler,  but  its  frequency  remained 
much  the  same.  In  six  minutes  the  beats  had  fallen  from  39  to  14, 
and  the  contraction  was  so  feeble  that  the  heart  was  brought  nearly  to 
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a  standstill,  only  the  slightest  movement  being  visible  in  the  ventricle. 
The  diastolic  pauses  were  of  very  irregular  length. 

We  then  applied  a  little  of  the  narcissia  solution,  and  the  heart 
immediately  ceased  beating,  all  its  cavities  being  widely  distended  with 
blood.  In  two  minutes  very  slight  contraction  commenced  in  the 
auricles :  this  contraction  increased,  and  in  four  and  a  half  minutes  the 
ventxicle  began  to  contract,  at  first  very  feebly,  at  the  time  the  auricles 
were  contracting  well  In  five  minutes  the  ventricle  too  was  con- 
tracting well.  In  seven  minutes  the  cavities  contracted  21  times  per 
minute  as  strongly  as  in  health.  In  twelve  minutes  the  pulsation  had 
fallen  to  16. 

It  thus  appears  that  narcissia  corresponds  to  atropia  in  its  antago- 
nistic action  to  muscarin  and  pilocarpin  on  the  heart.  With  us 
muscarin  manifested  far  less  effect  on  the  heart  than  pilocarpin ;  but 
in  the  experiment  in  which  muscarin  slowed  and  weakened  the  heart, 
narcissia  in  a  great  measure  obviated  these  effects,  but  it  increased 
the  strength  rather  than  the  number  of  the  beats. 

The  antagonism  between  narcissia  and  pilocarpin  was  much  more 
marked.  Pilocarpin  had  a  quick  and  very  decided  effect  on  the  heart, 
and  in  one  experiment  it  had  nearly  arrested  the  action  of  the  heart, 
though  it  still  beat  20  per  minute.  Narcissia  at  first  completely 
stopped  the  heart,  then  the  auricle  began  to  beat  a  little,  and  next  the 
ventricle,  and  soon  both  cavities  were  beating  with  normal  strength 
but  still  with  much  diminished  frequency.  Both  with  muscarin  and 
pilocarpin  the  narcissia  improved  the  strength  of  the  beat  more 
than  restored  the  lost  frequency.  If  pilocarpin  slows  and  weakens 
the  heart  through  the  inhibitory  action  of  the  vagus,  then  narcissia 
seems  to  obviate  the  inhibitory  action  which  weakens  but  not  the  in- 
hibitory action  which  slows  the  heart.  It  is  usually  held  that  pilo- 
carpin stimulates  the  terminations  of  the  vagus,  and  perhaps  the 
intra-cardiac  inhibitory  ganglia,  and  thus  slows  and  weakens  the  heart, 
and  that  atropia  paralysing  these  structures  obviates  the  effects  of  the 
pilocarpin.  The  same  explanation  may  be  offered  of  the  action  of 
narcissia,  though  if  the  foregoing  hypothesis  as  to  the  action  of  pilo- 
carpin be  correct,  it  is  singular  that  narcissia,  by  paralysing  the  vagus 
and  the  intra-cardiac  inhibitory  ganglia,  should  not  remove  the  slowing 
as  well  as  the  weakening  effect  produced  by  the  stimulation  of  the 
inhibitory  apparatus. 

We  have  thus  learned  that  like  atropia,  narcissia  antagonizes  the 
action  of  muscarin  and  pilocarpin  on  the  frog's  heart.    In  order  to 
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ascertain  the  effect  of  narcissia  itself  on  the  heart,  we  proceeded  as 
follows.  Having  destroyed  the  brain  in  the  usual  manner  we  laid  bare 
the  heart  and  counted  its  beats.  During  the  first  ten  minutes  the 
beats  fell  from  52  to  34  and  so  remained  during  the  next  8  minutes. 
We  then  partially  opened  the  pericardium  and  poured  into  the  sac 
a  small  quantity  of  the  sulphate  of  narcissia  solution  (1  in  5).  In 
14  minutes  the  beats  fell  from  36  to  26  and  the  action  of  the  heart  was 
slightly  modified,  the  ventricle  during  the  greater  part  of  the  diastole 
becoming  flaccid  and  distended  with  blood,  though  still  the  cavities 
beat  vigorously.  Two  hours  firom  the  application  of  the  narcissia  the 
beats  had  risen  to  38  and  in  3  hours  to  44  per  minute.  Next  morning 
the  heart  was  beating  vigorously  at  39  per  minute  and  we  again  applied 
narcissia  solution.  In  5  minutes  the  beats  had  fallen  to  25  and  24 
per  minute  and  were  more  feeble,  the  auricular  and  ventricular  action 
being  less  continuous.  The  beats  continued  4  hours  at  this  rate :  in 
5  hours  the  heart  stopped  in  wide  diastole. 

This  experiment  we  repeated,  but  on  this  occasion  we  allowed  a 
much  longer  interval  to  elapse  before  applying  the  narcissia,  to  allow 
ample  time  for  the  effect  of  shock  to  pass  away.  Thus  we  opened  the 
thorax  at  7.40  A.M.  but  delayed  the  application  of  the  narcissia  till  1.39, 
at  which  time  the  heart  beat  42  per  minute.  In  5  minutes  the  nar- 
cissia reduced  the  beats  to  22  and  so  continued  about  an  hour,  when 
the  beats  became  faster  and  rose  in  3  hours  to  38 ;  whilst  slowly  beating 
the  contraction  seemed  but  little  weakened,  and  this  weakness  passed 
away  as  frequency  returned. 

In  another  experiment,  after  laying  bare  the  heart,  we  allowed 
17  hours  to  elapse  before  applying  narcissia.  Just  before  this  the 
heart  beat  44  per  minute,  but  in  11  minutes  after  applying  the  drug, 
the  contractions  fell  to  24  with  a  rather  weaker  beat,  but  after  this  they 
begun  to  rise  and  in  50  minutes  the  heart  beat  34. 

In  many  of  our  experiments  the  heart  was  strongly  affected  by  the 
shock  from  dividing  the  sternum  and  pulling  the  parts  aside  and  also 
from  the  occasional  free  bleeding  this  operation  entailed.  In  the  suc- 
ceeding experiments  we  operated  differently.  After  destroying  the 
brain  we  merely  opened  the  abdomen  and  incised  the  pericardium. 
The  heart's  action  was  but  little  affected.  After  two  observations,  and 
when  we  had  ascertained  that  the  heart  beat  at  its  normal  rate,  namely 
46  to  48  per  minute,  we  applied  the  solution  of  narcissia  In  3 
minutes  the  beats  fell  to  24,  and  the  heart  certainly  was  not  weakened. 
The   diastole   was  very  short  and  the  systole  strong  and  prolonged  ; 
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in  this  respect  diflfering  from  our  previous  experiments.     In  2  hours  the 
heart  had  recovered  its  normal  frequency. 

We  throw  all  our  observations  into  Table  III. 


Table  III, 


Date. 


May  31 
June  1 
June  1 
June  2 


10  beats 
15  beats 
20  beats 
20  beats 


Maximum 

slowness 

reached  in 


14  min. 

5  min. 

5  min. 
11  min. 


Heart 
reooTered. 


120  min. 
180  min. 


During  the  slowing  the  heart  beat  a 
little  feebly  in  these  four  experi- 
ments 


Siemwm  not  divided. 


June  2 
June  4 
June  5 

June  5 

• 

June  5 
June  5 


24  beats 
26  beats 
14  beats 

20  beats 
14  beats 
26  beats 


3  min. 
3  min. 
7  min. 

3  min. 
6  min. 
3  min. 


120  min. 
120  min. 
Never 
recovered 


Heart  weakened 


Alkaloid  3  (1  tn  3  sohUion). 


July  17 
July  17 
July  17 

35  beats 
28  beats 
44  beats 
46  beats 

4  min. 
3  min. 
7  min, 
3  min. 

Stopped  altogether  in  wide  diastole 

In  all  these  experiments  the  heart  stopped  beating  much  sooner 
than  in  undrugged  hearts.  In  the  foregoing  experiments  we  confined 
our  attention  to  the  frequency  of  the  heart's  action.  We  shall  have 
another  opportunity  to  speak  of  its  influence  on  the  strength  and 
character  of  the  contraction. 

Is  this  slowing  due  to  the  narcissia  or  the  water  holding  it  in 
solution  ?  To  solve  this  question  we  applied  water  only  to  the  heart 
and  watched  the  effect.  In  the  first  experiment  in  dividing  the 
sternum  much  blood  was  lost,  so  that  the  heart  became  small  and 
whilst  contracting  propelled  but  little  blood.     In  the  other  experiments 

31—2 


446 


S.  RINGER  AND  E.  A.  MORSHEAD. 


we  merely  opened  the  abdomen  and  in  this  way  reached  and  divided 
the  pericardium.  In  the  three  experiments  we  made,  the  heart's 
contractions,  both  in  respect  to  strength  and  frequency,  were  unaffected. 

We  therefore  conclude  that  the  slowing  effect  is  due  simply  to  the 
narcissia;  and  we  draw  attention  to  the  curious  fact  that  whilst 
narcissia  antagonizes  pilocarpin  which  slows  and  weakens  the  heart, 
narcissia  itself  also  slows  the  heart. 

As  we  found  that  narcissia  applied  directly  to  the  heart,  in  situ, 
slowed  its  beats,  and  as  there  is  so  close  a  similarity  between  narcissia 
and  atropia,  we  thought  that  atropia  might  act  in  the  same  way.  We 
therefore  tested  the  action  of  atropia  on  the  heart,  and  embody  our 
results  in  Table  IV.  In  these  experiments,  after  pithing  and  pegging 
the  animal,  we  opened  the  abdomen  and  then  the  pericardium,  but 
without  dividing  the  sternum.    We  used  a  solution  of  atropia  1  in  20. 

Table  IV. 


Date. 

Heart 
slowed. 

Maximnm 

slowness 

reached. 

Heart 
recovered. 

June  3* 

10  beats 

6  min. 

180  min. 

Fell  10  beats  in  three  minutes  and 

June  4* 

then  gradually  and  continuously 
fell  22  beats  two  hours  and  stopped 
at  three  hours.     Heart  ceased  in 
wide  diastole 

June  5 

30  beats 

2  min. 

120  min. 

June  5 

A  gradual  and  continuous  fall  from 

June  9 

4  beats 

4  min. 

30miD. 

48  to  12,  when  it  soon  ceased 

June  9a 

18  beats 

5  min. 

JuDe  9 

11  beats 

3  min. 

120  min. 

June  9a 

27  beats 

1  min. 

June  9 

14  beats 

8  min. 

70  min. 

June  9a 

23  beats 

7  min. 

In  the  experiments  marked  *  the  heart  did  not  expand  naturally 
during  diastole  and  received  but  little  blood.  In  the  experiments 
marked  a  we  used  the  same  frog  as  in  the  immediately  preceding 
experiment :  thus  we  applied  atropia  between  7  and  8  in  the  morning, 
and  at  6  that  evening,  when  the  heart  had  completely  recovered  and 
was  beating  vigorously,  we  a  second  time  applied  atropia. 
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Thus  we  find  that  atropia  topically  applied  slows  the  heart, 
thus  affording  another  instance  of  the  similar  action  of  these  two  drugs. 

It  is  singular  that  these  drugs  should  themselves  be  able  to  slow  and 
after  a  short  time  to  arrest  the  frog's  heart,  and  yet  both  will  obviate  the 
slowing  and  weakening  effect  of  jaborandi  and  muscarin  ;  whilst  neither 
is  able  to  obviate  the  slowing  induced  reciprocally  of  each  other. 

We  have  thus  ascertained  that  this  alkaloid  dries  the  mouth ;  checks 
perspiration ;  dilates  the  pupil ;  quickens  the  pulse,  and  antagonizes 
the  action  of  muscarin  and  pilocarpin  on  the  heart,  skin,  salivary 
glands,  &c. ;  in  all  these  respects  corresponding  to  atropia. 


II.    The  alkaloid  obtained  from  bulbs  which  had  flowered. 

This,  as  we  have  said,  instead  of  drying  tiie  mouth  produces  copious 
salivation  and  apparently  has  little  or  no  (or  at  least  an  uncertain)  action 
on  the  pupil.     Its  action  is  shown  in  the  following  observations. 

A  man,  aged  40,  took  without  effect  half  a  grain  of  the  nitrate  of 
the  alkaloid.  Next  day  he  took  three-quarters  of  a  grain.  The  pupils 
became,  perhaps,  a  little  dilated,  but  we  were  doubtful  whether  this 
was  due  to  the  drug  or  to  the  varying  light.  An  hour  later  he  felt  a 
little  sick,  with  sinking  sensation  at  the  epigastrium.  Next  day  he 
took  a  grain,  which  induced  only  slight  faintness,  coming  on  in  a 
quarter  of  an  hour,  with  slight  drowsiness.  In  an  hour  he  felt  rather 
sick.  On  the  following  day  he  took  a  grain  and  a  half  by  mouth,  and 
this  dose  induced  slight  though  decided  effects;  it  induced  distinct 
salivation,  beginning  in  ten  minutes,  but  more  marked  an  hour  after 
the  medicine ;  it  caused  slight  running  at  the  eyes ;  some  sinking  at 
the  epigastrium,  with  slight  nausea  and  hiccough,  and  it  slightly  con- 
tracted the  pupils.  The  pulse  was  unaffected.  Some  hours  afterwards 
he  had  a  semi-solid  motion.  Next  day  he  took  two  grains,  by  mouth, 
with  similar  but  still  more  decided  effects.  In  eight  minutes  free 
salivation  set  in,  with  a  sinking  sick  sensation,  hiccough  and  heart- 
bum.  His  pulse  was  increased  from  10  to  13  beats  per  minute.  He 
spat  about  an  ounce  of  saliva.  Some  hours  after  he  passed  a  relaxed 
stool,  though  previously  he  had  suffered  from  constipation.  In  none  of 
these  experiments  did  we  notice  any  perspiration. 

Two  days  later  he  took  two  grains  and  a  half  in  a  single  dose.    In 
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seventeen  minutes  free  salivation  occurred,  and  in  the  course  of  the 
following  half-hour  he  spat  an  ounce  and  a  half  of  very  ropy  saliva. 
He  suflFered  from  slight  hiccough,  sinking,  and  a  **  faint  feeling ".  His 
pupils  became  slightly  contracted,  and  his  pulse  accelerated  by  10  to 
12  beats  per  minute.     He  did  not  perspire. 

The  next  day  he  took  two  grains  and  three-quarters,  which  pro- 
duced the  same  symptoms,  salivation  to  the  extent  of  an  ounce  of  thick 
ropy  saliva,  quickening  of  the  pulse  12  beats  per  minute,  and  the 
"  sinking  feeling  ". 

The  following  day  he  took  three  grains  with  the  usual  symptoms. 
Thus  he  spat  just  an  ounce  of  saliva,  experienced  the  usual  sinking 
sensation  at  the  epigastrium,  his  pupils  became  slightly  contracted,  but 
in  this  instance  there  was  no  quickening  of  the  pulse,  and  about  two 
hours  after  the  alkaloid  he  passed  a  loose  stool. 

The  day  after  he  took  four  grains,  followed  by  isymptoms  in  some 
respects  more  marked.  Thus  he  complained  of  greater  faintness;  he 
spat  an  ounce  and  a  half  of  saliva ;  his  pulse  was  not  quickened  nor  his 
pupil  contracted ;  and  an  hour  and  a  half  after  the  administration  of 
the  drug  he  voided  two  stools. 

Subsequently  a  different  method  was  adopted.  He  first  took  half 
a  grain  every  two  hours.  This  caused  slight  increase  of  saliva,  without 
spitting,  which  passed  off  after  the  fourth  dose,  "rumbling  in  the 
stomach",  but  no  nausea.  He  continued  the  drug  for  two  days,  and 
on  the  third  day  he  took  a  grain  every  two  hours.  The  second  dose 
caused  diarrhcaa  (five  motions)  in  the  day,  with  severe  aching  pain 
below  the  left  false  ribs.  He  felt  ill.  It  produced  no  salivation  nor 
nausea,  no  action  on  the  skin,  nor  any  alteration  in  the  pulse. 

To  sum  up.  In  man  the  alkaloid  No.  2  produces  free  salivation  of 
ropy  saliva,  slight  contraction  of  the  pupils,  faintness,  a  sinking  sen- 
sation, nausea,  running  at  the  eyes,  hiccough,  heart-bum,  and  slight 
relaxation  of  the  bowels,  and  sometimes  slight  quickening  of  the  pulse. 

In  no  instance  did  it  produce  sweating.  Subsequent  observations 
shewed  that  when  given  after  an  active  dose  of  pilocarpin,  it  apparently 
slightly  increased  both  the  salivation  and  sweating,  though  of  this  we 
cannot  feel  quite  sure.     It  certainly  did  not  check  them. 

We  next  tested  the  topical  effect  of  the  second  alkaloid  on  the  eye, 
and  found  that,  like  the  alkaloid  prepared  in  May,  it  dilated  the  pupil, 
though  in  a  much  less  degree,  both  in  amount  and  duration. 

We  give  the  results  of  our  investigations  in  Table  V. 
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Table  V. 
Alkaloid  No,  2.     Strength  of  soltUion,  1  in  3. 


Dilatation 
begun. 


July  27 


Amount  of 
dilatation. 


No  dilatation 


Dilatation 
lasted. 


Primary  action. 


July  28     3  hours 


Very  decided 


Few  hours 


1  in  5. 


Both  pupils  rather  con- 
tracted, the  drugged  eye 
the  most 


n 


>» 


» 


July  31 

125TniTi 

Very  slight 

Few  hours    ! 

July  31 

No  dilat« 

ition 

Aug.  3 

Aug.  7 

3  hoiu:B 
3  hours 

Very  decided, 

double  other 

Decided 

9  to  10  hours 

Aug.  7 

4  hours 

Slight 

1  in  10. 

July  19 

No  dilatation 

July  20 

No  dilatation 

1  in  5  contimied. 

Aug.  7 

3  hours 

Decided 

4  hours 

Aug.  7 

Decided 

drugged    eye    much    the 
most ;  reduced  from  ^  to  ^ 
Slight  primary  contraction 
of  drugged  eye 


Both  pupils  contracted,  es- 
pecially the  drugged  eye 

Primary  contraction  of  the 
drugged  eye 


Dragged  eye  contracted  de- 
cidedly 


99 


>» 


9> 


Primary  contraction  of  drug- 
ged eye 
»  »  » 

Alkaloid  No.  3,  extracted  wiih  Chloroform,     1  in  5, 
Aug.  10.     Very  slight  dilatation 

It  is  evident  that  the  effect  of  the  second  alkaloid  prepared  for  us 
by  Mr  Gerrard  differs  curiously  from  the  effect  of  the  first. 

The  first  has  most  of  the  properties  of  atropia,  but  also  tends  to 
cause  nausea  and  vomiting. 

The  second  alkaloid  excites  free  salivation,  and  if  it  does  not  cause 
perspiration  it  certainly  does  not  stop  it.    It  purges  somewhat.     Inter- 
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nally  administered  it  slightly  contracts  the  pupils;  locally  applied  it  first 
contracts  the  pupil  and  then  slightly  dilates  it,  but  much  less  than  the 
first  alkaloid. 

The  extract  of  the  flowered  bulbs  given  in  a  solution  of  the  strength 
of  1  in  1^,  in  doses  of  from  three  to  twelve  minims,  produced  effects 
somewhat  different  from  those  of  the  alkaloid.  Mr  D.  F.  Dymott,  a 
gentleman  at  that  time  acting  as  my  clinical  clerk,  took  twelve  minims 
of  the  solution.  In  four  minutes  his  mouth  became  moister,  and  so 
continued  fifteen  minutes ;  in  twenty  minutes  he  felt  sick ;  in  thirty- 
five  minutes  he  vomited,  with  a  slight  amount  of  retching ;  and  again 
in  forty  minutes.  His  pulse  increased  twelve  beats,  possibly  from  the 
nausea.  Other  observations  showed  that  the  extract  acts  as  an  emetic 
and  purgative,  its  emetic  being  more  marked  than  its  purgative  action* 
It  also  slightly  increases  the  flow  of  saliva,  and  quickens  the  pulse  a 
little,  though  possibly  the  quickening  of  the  pulse  may  be  an  indirect 
effect  of  the  nausea. 

We  believe  in  fact  that  the  daffodil  bulb  contains  two  active  prin- 
ciples— the  alkaloid  and  another  unknown  substance.  This  view  is 
based  on  the  following  facts.  Mr  Gerrard  calculates  that  a  grain 
of  the  alkaloid  is  contained  in  about  nineteen  minims  of  the  extract. 
We  found  that  in  the  case  of  the  same  individual  four  grains  of  the 
alkaloid  (equal  to  114  of  the  extract  solution)  produced  salivation 
(1 J  oz.),  slight  faintness,  and  two  watery  stools ;  whilst  twelve  minims 
of  the  extract  solution,  equal  to  eight  grains  of  the  .extract,  and  less 
than  half  a  grain  of  the  alkaloid,  produced  much  less  salivation,  but 
made  him  feel  sick  and  produced  three  large  watery  motions.  The 
same  dose  on  Mr  Dymott  produced  a  doubtful  trace  of  salivation,  no 
diarrhoea,  but  excited  vomiting  twice.  We  therefore  think  the  alkaloid 
is  the  salivating  agent,  but  some  other  constituent  excites  the  nausea, 
vomiting  and  diarrhoea. 

The  extract  above  referred  to  is,  it  will  be  understood,  the  extract  of 
the  flowered  bulbs.  We  have  had  this  year  an  opportunity  of  testing 
the  effect  of  the  extract  from  flowering  bulbs,  and  we  find  that  like 
the  alkaloid  obtained  from  flowering  bulbs  in  the  previous  year  it 
produces  great  dryness  of  the  mouth, 

Mr  Gerrard  has  also  prepared  for  us  an  alkaloid  from  the  bulbs  of 
tlie  common  snowdrop  {Oalanthus  nivalis)  gathered  four  months  after 
flowering  time,  and  also  an  alkaloid  from  bulbs  gathered  during  flower- 
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ing;  and  we  find  that  these  exhibit  a  complete  parallelism  with  the 
alkaloids  from  the  daffodil.  The  alkaloid  from  the  flowering  bulb  dries 
the  mouth  like  atropia,  while  that  from  the  bulbs  which  had  done 
flowering  produces  profuse  salivation. 


SUMMARY. 


Our  inyestigations  we  yenture  to  believe  show 


that  the  alkaloid  from  the  bulb  of  the 
flowering  plant 

I.     Dries  the  mouth. 

IL    Checks  the  cutaneous  secretion. 

TIL  Dilates  the  pupil,  especiallj 
on  topical  application  to  the  eye,  the 
dilatation  being  preceded  for  a  short 
time  bj  contraction. 

lY.     Quickens  the  pulse. 

Y.  In  a  great  measure  antago- 
nizes the  eflect  of  muscarin  and  pilo- 
carpin  on  the  heart  of  frogs. 

YI.  Directly  applied  to  the  frog's 
heart  slows  and  weakens  its  contrac- 
tions. 


while  the  alkaloid  extracted  from  the 
bulb  later  in  the  year  when  flowering 
is  over 

L     Causes  copious  salivation. 

IL  Probably  increases  cutaneous 
secretion. 

ni.  Internally  applied  slightly 
contracts  the  pupil.  TopicaUy  applied 
dilates  the  pupil,  but  less  so  than  the 
alkaloid  of  the  flowering  plant. 

lY.     Slightly  relaxes  the  bowels. 

Y.  Causes  slight  faintness  and 
nausea. 


The  emetic  and  purgative  eflects  of  the  extract  are  due  we  think  not  to 
the  alkaloid  but  to  some  other  constituent. 


ON  THE   INFLUENCES  WHICH   MODIFY  THE  ^VORK 
OF   THE   HEART*     By  CHARLES  S.  ROY,  M.D.,  AsMtant 

at  the  Physiological  Institute  of  the  University  of  Strasshi/rg, 

{From  experiments  made  in  the  Physiologicallnstitule  of  the  Berlin  University,) 

One  of  the  chief  objects  of  these  experiments  was  to  study  the  relations 
which  the  auricle  and  ventricle  bear  to  one  another:  what  part  is 
played  by  each  in  their  common  work  of  carrying  on  the  circulation. 
The  diflferences  of  opinion,  which  have  long  existed,  as  to  whether  cer- 
tain of  the  phenomena  of  the  heart's  action  are  to  be  ascribed  to  the 
one  or  to  the  other  of  its  two  chief  component  parts — ^the  auricle  and 
the  ventricle — sufficiently  indicate  how  difficult  it  is  to  decide  such 
questions  from  an  examination  of  the  mode  of  action  of  the  entire 
heart.  With  the  view  of  avoiding  this  difficulty,  the  auricles  and  the 
ventricle  of  the  frog,  isolated  from  one  another,  and  from  the  rest  of 
the  animal,  were  submitted  to  experimental  study,  their  mode  of  action 
being  carefully  followed  under  conditions  which,  while  they  interfered 
as  little  as  possible  with  the  vitality  of  the  tissues,  were  capable  of  being 
varied  within  known  limits. 

Methods  Employed. 

Of  the  various  instruments  which  are  used  for  recording  the  move- 
ments of  the  heart  (frog's),  there  can  be  little  doubt  but  that  the  small 
mercurial  manometer,  with  a  floating  style  for  writing  on  the  revolving 
cylinder,  which  was  first  employed  by  E.  Cyon,  and  which  has,  since 
then,  been  gradually  improved  in  its  details  by  various  physiologists, 
and  more  especially  by  Kronecker,  is  the  most  accurate.  With  it 
the  pressure  within  the  ventricle  can  be  regulated  at  will,  while  the 
height  to  which  the  column  of  mercury  is  raised  within  the  small  mano- 

*  The  greater  number  of  the  observations  here  given  were  contained  in  a  dissertation 
presented  last  Spring  for  the  degree  of  M.D.  of  Edinburgh  University,  and  for  which  a 
gold  medal  and  a  half  share  of  the  Goodsir  Memorial  Prize  were  awarded. 
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meter  tube,  the  diameter  of  which  is  known,  gives  the  measure,  not 
only  of  the  quantity  of  fluid  which  the  ventricle  throws  out,  but  also  of 
the  force  which  it  has  exerted  at  each  of  its  contractions.  By  varying 
the  diameter  of  the  U  tube,  moreover,  the  resistance  which  is  oflFered  to 
the  contraction  of  the  ventricle  can  be  varied  at  wilL  While  this 
instrument  is  admirably  suited  for  the  purpose  for  which  it  was 
designed,  viz.,  that  of  recording  the  rhythm  and  force  of  the  heart's 
contractions  under  varying  circumstances,  it  was  not  available  for  the 
special  kind  of  observations  in  question.  For  these  latter  it  was 
unfitted  chiefly  because  it  gives  no  means  of  learning  with  desirable 
accuracy  the  changes  in  the  diastolic  position  of  the  ventricle,  and  be- 
cause we  cannot,  with  it,  keep  the  heart  supplied  with  a  constant  flow 
of  fresh  nutrient  fluid,  and  at  the  same  time,  carry  on  the  observation 
of  its  movements.  The  instruments  employed  by  Marey*  and  by 
Blasius"^  bear  a  superficial  resemblance  to  one  used  in  the  experiments 
recorded  in  this  paper,  but  neither  of  them  seemed  sufl&ciently  accurate 
for  the  kind  of  work  required  here. 

The  so-called  extra-cardiac  method,  that  by  which  the  movements 
of  the  ventricle  or  auricle  are  magnified  and  recorded  by  means  of  a 
lever  resting  on  the  heart,  need  not  be  noticed  further  here,  as  with  it 
there  can  be  no  question  of  anything  approaching  to  an  accurate  mea- 
surement of  the  force  of  the  contractions. 

The  instrument  which  I  have  used  is  so  constructed  as  to  fulfil  the 
following  conditions: — 

(a)  To  admit  of  a  continuous  flow  of  nutrient  fluid  being  passed 
through  the  cavity  of  the  heart,  without  interfering  with  the  recording 
of  its  movements. 

(6)  To  allow  of  an  accurate  graduation  of  the  intra-cardiac  pres- 
sure, which  can  be  kept  unchanged  at  any  desired  height,  from  below 
zero  to  any  point  above  it  which  may  be  wished. 

(c)  To  admit  of  the  heart's  contracting  and  relaxing  without  its 
thereby  causing  any  change  in  the  intra-cardiac  pressure. 

{d)  To  record  on  a  moving  cylinder  the  changes  in  the  contents 
of  the  ventricle,  or  auricle,  as  the  case  might  be,  resulting  from  the 
contraction  or  relaxation  of  their  walls. 

A  glance  at  Fig.  1,  PI.  xv.  (two-thirds  natural  size),  where  the  in- 
strument is  represented,  will  render  the  description  more  intelligible. 

*  Marey,  Travaux  du  Laboratoirey  1876  and  1877,  and  La  MHhode  Graphique. 
f  Blasius,  Arbtiten  a,  d,  physiolog.  Lab,  zu  WUrzburg,  1872. 
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The  small  bell-glass  (a)  rests  on  a  round  plate  of  brass  (6),  to  which 
it  is  fixed  by  the  aid  of  a  little  stiff  grease,  in  the  same  manner  as  the 
bell-jar  of  an  air-pump.  In  the  upper  opening  of  this  vessel  is  fitted  a 
short  glass  stopper,  which  is  perforated  to  allow  the  passage  of  the 
heart  cannula.  This  latter  is,  in  principle,  the  same  as  Kronecker's* 
"  perfusion-cannula,"  which  I  have  modified  to  suit  the  special  require- 
ments of  the  instrument  here  in  question.  It  is  fixed  hermetically  in 
the  perforated  stopper,  and  consists  of  a  thin  German-silver  tube  3  cm. 
long  by  3  mm.  in  internal  diameter,  having  a  series  of  fine  grooves 
cut  at  its  lower  end  to  keep  the  ligature,  which  fastens  the  auricle  or 
ventricle  on  it,  from  slipping  downwards.  I  have  found  these  grooves 
decidedly  preferable  to  a  projecting  rim,  as  they  economize  space  and 
allow  of  a  larger  cannula  being  used.  Inside  this  cannula  is  a  second 
tube,  of  the  same  metal,  measuring  about  1  mm.  in  diameter.  It 
extends  from  the  lower  extremity  of  the  cannula  to  a  point  about 
5  mm.  from  its  upper  end,  where  it  passes  through  its  wall,  and  pro- 
jects for  a  sufficient  distance  to  allow  of  an  india-rubber  tube  being  tied 
on  it. 

By  means  of  such  a  cannula,  diluted  blood,  or  other  fluid,  can  be  kept 
constantly  circulating  through  the  auricle  or  ventricle  which  is  fastened 
on  it,  the  rapidity  of  the  flow  being  regulated  by  the  difference  in 
height  of  the  two  reservoirs  which  are  in  connection  with  the  larger  and 
smaller  of  its  component  tubes  respectively. 

lii  the  brass  plate  on  which  the  bell-glass  rests  are  two  openings, 
one  being  comparatively  narrow,  and  forming  the  inlet  to  a  short  tube 
which  is  provided  with  a  stop-cock.  This  tube  (d)  is  intended  to  per- 
mit of  the  quantity  of  fluid  within  the  glass  vessel  being  varied  at  plea- 
sure. The  other  opening  in  the  brass  plate  is  situated  in  the  centre 
of  this  latter,  and  forms  the  upper  outlet  of  a  short  cylinder  1  cm,  in 
length  by  1  cm.  in  internal  diameter.  Round  the  outside  of  this  cy- 
linder, at  its  lower  edge,  is  a  groove,  to  permit  of  a  membrane  being 
fastened  on  it.  The  arrangement  of  this  part  of  the  instrument  will  be 
readily  understood  on  glancing  at  Figs.  2  and  3,  where  it  is  represented 
in  section. 

The  membrane  used  is  a  delicate,  transparent,  animal  membrane, 
prepared  from  the  peritoneum  of  the  calf,  and  often  used  by  perfumers 
and  druggists  for  fastening  elegantly  the  stoppers  of  perfume  bottles. 
It  is,  so  far  as  I  can  learn,  prepared  only  in  Paris,  but  is  readily  to  be 

*  Eroneoker  and  Stirling,  *'Da8  charaoteristische  Merkmal  der  Herzmuskelbe- 
wegung."    Ladwig'sF^«^a&«,  1874. 
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obtained  in  Great  Britain.  When  moistened  with  water  or  glycerine 
its  flexibility  leaves  nothing  to  be  desired,  and  its  comparative  inexten- 
sibility  specially  fits  it  for  the  instrument  in  question.  I  have  found  it 
of  great  service  in  the  construction  of  other  apparatus  for  physiological 
work. 

A  piece  of  this  membrane  is  so  fastened  on  the  end  of  the  little 
cylinder  of  the  instrument,  that  it  can  move  freely  up  or  down.  This 
will  be  more  intelligible  on  referring  to  Fig.  3.  Through  the  middle  of 
the  membrane  {Jc)  passes  a  needle  (e)  which  is  fixed  in  the  centre  of  the 
light  aluminium  piston  (/).  The  lower  surface  of  this  piston,  which  lies 
on  the  inner  side  of  the  membrane,  is  fixed  to  the  latter  by  a  little 
varnish  (this  is  done  before  the  membrane  is  tied  on,  while  it  is  still 
dry),  although  this  is  not  absolutely  necessary,  since  the  valve-like 
action  of  the  membrane,  when  the  instrument  is  in  use,  renders  the 
hole  made  by  the  needle  air-tight.  The  diameter  of  the  piston  is  less 
by  1*5  mm.  than  that  of  the  interior  of  the  cylinder  in  which  it  is 
placed,  so  that  it  can  move  freely  up  and  down  without  friction.  It  is 
kept  in  the  centre  of  the  cylinder  by  means  of  the  guide  {d)  through 
which  the  needle  passes.  The  friction  is  thus  reduced  to  a  minimum. 
The  lower  end  of  the  needle  is  connected,  by  a  fine  hook  (/),  to  the 
sliding  part  of  a  light  lever,  whose  duty  it  is  to  magnify,  to  any  de- 
sired extent,  the  movements  of  the  piston.  The  lever  is  made  of  a 
slip  of  straw  supplied  with  a  delicate  aluminium  point.  The  mem- 
brane, it  should  be  added,  although  it  be  so  thin  and  flexible,  is  more 
than  strong  enough  for  the  purpose  required,  and,  after  being  once 
fastened  on  and  moistened  with  glycerine,  will  serve  for  hundreds  of 
observations  without  requiring  renewal. 

The  ventricle,  or  auricles,  as  the  case  may  be,  having  been  fastened 
on,  and  the  cannula  and  the  reservoirs  filled  with  the  diluted  blood 
which  is  destined  to  feed  the  portion  of  the  heart,  this  latter  is  intro- 
duced into  the  bell-glass  (which  has  been  previously  fixed  on  the  plate, 
and  its  cavity  filled  with  olive  oil),  which  is  closed  above  by  the 
stopper  through  which  the  cannula  passes*.  On  now  opening  the  stop- 
cock e  (Fig.  1),  the  oil  begins  to  flow  out  through  the  tube/,  diminishing 

*  As  the  membrane  which  closes  the  lower  opening  of  the  yessel  which  contains 
the  heart  is  permeable  to  aqueous  fluids,  it  is  necessary  to  use  oil  with  this  instnunent. 
This  is  no  disadvantage,  seeing  that  pure  olive  oil  is  decidedly  preferable  to  salt  solution, 
which  is  usually  employed  to  protect  the  heart,  in  experiments  of  this  kind,  from  the 
action  of  the  air.  I  have  never  met  with  the  slightest  reason  for  supposing  that  oil  either 
stimulates  or  affects  the  vitality  of  the  tissue  of  the  heart  with  which  it  comes  in 
contact. 
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the  contents  of  the  vessel,  and  rendering  the  pressure  which  exists 
within  it  sub-atmospheric,  by  reason  of  the  suction  of  the  column  of 
oil  in  the  tube. 

As  soon  as  the  pressure  within  the  bell-glass  has  fallen  8u£Sciently, 
the  little  piston  is  gittdually  drawn  up.  On  its  having  reached  the 
position  at  which  it  stands  in  Fig.  2,  PI.  XY.,  the  stop-cock  is  closed  to 
prevent  more  oil  leaving  the  vesseL  When,  now,  the  heart  contracts^ 
it  sends  its  contents  out  through  the  cannula,  thereby  diminishing  the 
quantity  of  fluid  contained  in  the  vessel,  which  diminution  in  contents 
necessarily  results  in  a  corresponding  rise  in  the  piston,  and,  with  it,  of 
the  lever-point.  The  membrane  is  arranged  so  that,  with  the  largest 
ventricles  encountered,  the  piston  can  move  freely  up  and  down  on 
contraction  and  expansion  without  being  hindered  by  the  membrane 
becoming  "taut." 

The  relation  which  the  movements  of  the  point  of  the  lever  bears  to 
the  quantity  of  fluid  entering  or  leaving  the  vessel  is  most  easily 
learned,  for  any  given  position  of  the  sliding  coupling  of  the  lever,  by 
direct  measurement,  t.  e.  by  injecting  through  the  cannula  (before  the 
heart  is  fastened  on)  small  quantities  (*1  ccm.)  of  fluid,  and  measuring 
the  difference  in  height  of  the  lever-point  after  each  injection.  For  this 
I  have  generally  employed  a  hypodermic  syringe,  the  accuracy  of  whose 
graduation  had  been  carefully  tested.  By  this  means  we  learn  also, 
that  the  addition,  of  e,  g.  '1  ccm.  of  fluid,  produces  an  equal  extent  of 
movement  of  the  point  of  the  lever  whether  the  latter  be  inclined 
downwards  or  upwards  from  the  horizontal,  so  long  as  this  inclination  is 
not  too  great — a  limit  never  reached  in  the  actual  observations. 

Where  it  is  desired  to  study,  with  any  degree  of  accuracy,  the  in- 
fluence of  changes  in  the  intra-cardiac  pressure  on  the  position  assumed 
by  the  relaxed  or  contracted  heart,  it  is  necessary  to  fix  the  zero  of  the 
scale,  t.  e.  the  height  at  which  the  reservoir  must  stand  in  order  to 
make  the  pressure  within  the  heart's  cavity  equal  to  that  of  the  fluid 
outside  its  walls.  It  is  best  to  find  this  height  by  direct  experiment, 
since  it  necessarily  varies  with  each  change  in  the  distance  between  the 
sliding  part  and  the  fulcrum  of  the  recording  lever. 

The  pressure  which  distends  the  wall  of  the  ventricle,  when  the  appa- 
ratus is  in  use,  is  governed  by  two  factors :  (1)  the  height  of  the  intra- 
cardiac pressure,  which  is  dependent  on  the  height  of  the  surface  of  the 
fluid  in  the  reservoir  above  the  level  of  the  fluid  in  the  cavity  of  the 
ventricle;  and  (2)  the  height  of  the  extra-cardiac  pressure,  t.c.  the 
pressure  of  the  fluid  within  the  glass  vessel  but  outside  the  heart  wall. 
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This  extra-cardiac  pressure  is,  as  has  been  said,  sub-atmospheric,  and 
when  we  have  obtained  its  exact  value,  and,  counting  it  as  positive 
pressure,  have  added  it  to  the  pressure  which  exists  within  the  heart, 
we  obtain  the  real  value  of  the  hydraulic  force  which  distends  the  ven- 
tricle at  the  given  time.  When  the  level  of  the  fluid  in  the  reservoir 
is  higher  than  that  of  the  fluid  in  the  ventricle,  the  intra-  and  extra- 
cardiac  pressures  both  influence  the  ventricular  wall  in  the  same  way, 
both  acting  as  distending  forces ;  when,  on  the  other  hand,  the  level  of 
the  fluid  in  the  reservoir  is  lower  than  that  of  the  ventricular  contents, 
these  two  forces  tend  to  counterbalance  one  another. 

To  determine  the  height  at  which  the  reservoir  must  be  placed,  in 
order  to  counterbalance  exactly  the  extra-ventricular  pressure,  I  have 
adopted  the  following  method  as  being  both  convenient  and  accurate, 
A  piece  of  frog's  intestine,  which  has  been  freed  in  good  part  from 
its  lining  epithelium  by  rubbing  between  the  Angers  and  passing  a 
stream  of  water  through  it,  is  distended  with  air  and  dried :  when 
required  for  use,  it  is  moistened  with  water  and  fastened  on  the  cannula, 
so  that  a  portion,  a  few  millimeters  in  length,  and  tied  at  its  free  end, 
represents  the  auricle  or  ventricle,  its  wall,  however,  playing  here  a  purely 
passive  rdle.  Being  excessively  thin  and  flexible  it  is  well  suited  for 
such  a  purpose.  All  air  bubbles  having  been  driven  out  of  the  tubes 
going  to  the  reservoirs  (which  are  filled  with  diluted  blood),  as  well  as 
out  of  the  cannula  and  the  little  bit  of  intestine,  one  of  the  reservoir 
tubes  is  clamped,  and  the  instrument  is  arranged  as  if  for  an  actual 
experiment.  On  now  lowering  slowly  the  one  reservoir  whose  tube 
remains  free,  from  a  point  above  the  level  of  the  fluid  in  the  intestine, 
we  gradually  reach  a  position  at  which  the  pressure  within  the  latter 
has  become  a  little  lower  than  that  outside  of  it,  and  at  which,  con- 
sequently, it  collapses,  its  collapse  being  marked  by  a  rise  of  the  point 
of  the  lever.  With  a  little  care  the  exact  height  for  the  reservoir  is 
sought  at  which  the  lever-point  takes  a  nearly  medium  position  be- 
tween that  which  it  had  before  and  after  the  collapse  of  the  intestine, 
and  here  the  zero  of  the  scale  is  fixed.  And  when,  in  the  following 
pages,  the  intra-cardiac  pressure  is  spoken  of,  it  must  be  understood 
that  the  term  is  applied,  for  shortness  sake,  to  represent  the  true  pres- 
sure to  which  the  wall  of  the  heart  is  exposed,  as  indicated  by  the 
height  of  the  surface  of  the  fluid  in  the  reservoir  in  relation  to  the  zero 
of  our  scale. 

The  method  which  was  employed,  when  it  was  desired  to  fasten  the 
ventricle  on  the  cannula,  differed  in  no  important  point  from  that  used 
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by  Luciani*,  Rossbach,  and  others,  and  which  is  practically  familiar 
to  most  physiologists ;  it  need  not.  therefore,  be  again  described  here. 
Where  the  ventricle  is  very  small,  the  auricular  septum  may  interfere 
with  the  introduction  of  the  cannula  into  the  ventricular  cavity,  and  in 
this  case  it  is  most  convenient  to  slit  through  the  septum.  This  may 
be  very  readily  done  with  the  help  of  a  pair  of  very  small  scissors  and 
a  fine  grooved  director,  which  Prof  Kronecker  has  had  constructed 
for  the  purpose.  The  director  and  the  pointed  blade  of  the  scissors  is 
passed  into  the  ventricle  from  one  auricle  while  the  other  blunt-pointed 
blade  enters  from  the  other  auricle,  and  in  this  way  the  septum 
may  be  slit  through  without  danger  of  injury  to  the  ventricular  wall. 
A  simpler  way,  but  which  requires  some  little  dexterity  in  its  perform- 
ance, is  to  use  a  pair  of  fine  blunt-pointed  scissors,  one  blade  entering 
the  ventricle  from  each  auricle. 

In  all  the  observations  on  the  elasticity  of  the  ventricular  wall  great 
care  was  taken  to  apply  the  ligatures  as  close  as  possible  to  the  auriculo- 
ventricular  sulcus,  always,  however,  more  on  its  auricular  than  on  its 
ventricular  side.  Observations  were  also  made  with  the  ligature 
fastened  round  the  auricles  at  various  distances  from  the  margin  of  the 
ventricle. 

The  auricle  or  auricles,  as  the  case  might  be,  were  fastened  on  the 
cannula  in  various  ways.  The  most  convenient  method  was  found  to 
be  the  following.  The  lower  two-thirds  of  the  ventricle  having  been 
clipped  off,  the  auricular  septum  is  slit  through  with  a  pair  of  fine,  blunt- 
pointed  scissors,  one  blade  entering  each  auricle  from  the  ventricular 
aspect,  great  care  being  of  course  taken  to  avoid  cutting  the  walls  of 
the  auricles.  The  veruie  cavae  superiores  and  inferior  are  then  liga- 
tured, the  position  of  the  ligature  round  the  venous  sinus  varying  in 
dififerent  experiments.  The  end  of  the  cannula  is  then  introduced 
into  the  auricular  cavity  from  the  opened  ventricle,  and  is  fastened 
by  a  ligature  running  round  the  sulcus,  the  upper  third  of  the 
ventricle,  or  round  the  lower  part  of  the  auricular  wall  as  the.  case 
might  be. 

In  other  experiments  the  septum  auricvlorum  was  left  intact,  and 
only  one  auricle  recorded  its  movements,  the  other  being  closed  on  all 
sides.  It  was  attempted  again  and  again,  and  finally  with  success, 
to  cut  away  cme  auricle  completely,  so  that  the  septum  was  exposed, 
forming  the  wall  of  the  other  auricle  whose  movements  were  recorded. 

•  Luciani,  Beriehte  U.  d.  Verhl,  d.  k,  Sficha.  OeselUch,  d.  WUtenschafL  zu  Leipzig, 
1873,  p.  17.    Ludwig'B  Arheiten,  1872,  p.  113. 
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To  cut  away  one  auricle,  however,  without  injuring  the  other,  is  by  no 
means  easy. 

On  other  occasions,  again,  the  cannula  was  introduced  from  the 
venous  sinus,  the  ligature  being  placed  at  a  varying  distance  from  the 
margin  of  the  auricle,  and  the  septum  being  in  some  cases  cut  through 
and  in  others  left  intact.  It  is  scarcely  necessary  to  go  more  fully 
into  the  details  of  these  different  methods;  that  which  is  easiest  is 
the  one  first  mentioned.  After  a  little  practice  it  presents  no  diflSculty 
and  requires  very  little  time  in  its  performance. 

A  large  number  of  observations  were  made  on  the  effect  of  localized 
stimulation,  by  means  of  an  induced  current,  of  the  different  parts  of 
the  auricular  and  ventricular  walls.  In  these  cases  the  following  was 
the  method  adopted. 

The  German-silver  heart-cannula  usually  served  as  the  one  electrode. 
The  cannula  is  a  little  less  in  diameter  than  the  perforation  in  the  glass 
stopper  through  which  it  passes,  and,  to  make  the  junction  air-tight, 
the  cannula  is  surrounded  by  a  short  piece  of  thin-walled  caoutchouc 
tubing.  Round  this  india-rubber  tube,  and  separated  by  it  from  the 
cannula,  is  wound  a  single  layer  of  tinfoil  which  is  placed  in  communi- 
cation with  an  insulated  wire  going  to  one  pole  of  the  secondary  coil 
of  the  induction  machine,  the  other  pole  of  the  secondary  coil  being  in 
connection  with  the  cannula.  The  roll  of  tinfoil  projects  for  some  dis- 
tance beyond  the  inner  surface  of  the  glass  stopper,  and  this  part  is  slit 
up  with  a  pair  of  scissors  into  fringes,  each  about  '75  mm.  broad,  and 
long  enough  to  permit  of  its  free  end  extending  further  than  the  furthest 
part  of  the  auricle  or  ventricle  which  is  tied  on  the  cannula.  These  ten 
or  twelve  fringes  are  turned  back  clear  of  the  heart  and  of  the  cannula, 
one  only  resting  on  the  heart  wall,  upon  any  desired  part  of  which  its 
extremity  is  made  to  press  lightly.  Such  an  electrode  is  sufficiently 
flexible  to  follow  the  part  of  the  heart-wall  on  which  its  front  rests, 
without  the  movements  of  contraction  and  expansion  causing  for  a 
moment  an  interruption  of  the  contact ;  and  its  pressure  is  at  the  same 
time  so  light  and  equable  that  there  is  no  danger  of  injury,  even  to  the 
exceedingly  delicate  wall  of  the  auricle.  There  is  no  point  of  the  wall 
of  the  organ  experimented  upon  which  cannot  be  reached  by  one  or 
other  of  the  fringes.  With  electrodes  differing  so  greatly  in  the  extent 
of  surface  which  is  in  contact  with  the  heart,  the  action  is  necessarily  in 
great  part  unipolar,  and  this  is  by  no  means  the  least  advantage  of  the 
method.  The  current  used  was,  in  all  my  earlier  experiments,  from  the 
sccondaiy  coil  of  du  Bois  Beymond's  induction  apparatus  (medium 

PH.    I.  Z% 
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size)  with  one  Daniell  element  in  the  circuit  of  the  primary  coiL 
More  recently  I  have  employed  the  "influence"  apparatus  of  Tiegel, 
which  is  exceedingly  convenient  in  many  respects.  In  these  cases  the 
cannula  was  in  connection  with  the  one  influence  disc,  while  the  tinfoil 
electrode  communicated  with  the  earth  by  an  insulated  wire  going  to 
the  water-supply  tube.  Two  bichromate  of  potash  elements  were  in 
the  circuit  of  the  primary  coil,  the  medium-sized  induction  apparatus 
of  du  Bois  being  the  one  employed,  with  the  secondary  completely 
covering  the  primary  coiL  The  strength  of  the  current  was  graduated 
by  varying  the  distance  which  separated  the  two  discs  of  the  influence 
apparatus. 

The  fluid  which  was  used  to  supply  the  auride  or  ventricle  was 
composed  usually  of  one  part  of  defibrinated  blood  mixed  with  two 
parts  of  '73  per  cent,  salt  solution.  The  blood  was  taken  either  from 
the  rabbit  or  from  the  guinea-pig,  and  was  in  most  instances  from  the 
newly  killed  animal. 

During  the  latter  three  months  of  last  year  I  was  occupied  in  inves- 
tigating the  effect  produced  by  various  kinds  of  blood  in  different 
degrees  of  dilution  on  the  action  of  the  frog's  ventricle.  The  full  account 
of  the  results  of  these  experiments  has  not  yet  been  published,  and  it 
may,  therefore,  be  as  well  to  state  shortly  here  some  of  the  facts  learned 
which  bear  upon  our  present  subject : 

(a)  The  degree  of  dilution  which  gave  the  best  results  was,  for 
the  blood  of  the  rabbit  and  guinea-pig,  that  which  is  given  above,  viz. 
one  part  blood  to  two  of  salt  solution. 

(6)  Serum,  whether  diluted  or  undiluted,  was  found,  in  many 
experiments,  to  be  very  remarkably  inferior  in  nutritive  power  to  the 
diluted  blood  of  the  same  animal. 

(c)  The  bloods  of  the  various  herbivora  (that  of  the  rabbit, 
guinea-pig,  horse,  cow,  calf,  sheep,  &c.,  as  well  as  that  of  the  pigeon) 
which  were  examined  on  this  point,  were  found  to  have  nearly  the 
same  nutritive  value  in  each  case. 

(d)  Those  of  the  dog,  of  the  cat,  and  more  especially  of  the  pig, 
while  in  some  instances  they  were  equal  in  effect  to  that  from  the  horse 
or  rabbit,  were  in  other  examples  (from  the  newly  killed  animals) 
apparently  almost  poisonous. 

{e)  It  was  also  found  that,  to  obtain  an  equable  action  of  the 
ventricle,  it  is  necessary  that  the  blood  be  continuously  renewed. 
Where  the  contents  of  the  contracting  ventricle  are  changed  at  inter- 
vals, even  when  these  are  short,  we  find  that  after  each  "perfusion"  the 
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curve,  obtained  by  connecting  with  a  line  the  summits  of  the  individual 
contractions  as  traced  on  the  cylinder-paper,  shews  a  descending  scale, 
the  first  few  beats  being  higher  than  before  the  fluid  was  renewed. 
The  renewal  of  the  contents  of  the  ventricle  exercises  also  a  very 
marked  influence  on  the  rapidity  of  the  rhythm.  In  those  of  the 
experiments  dealt  with  in  this  paper,  where  an  absolutely  accurate 
maintenance  of  a  given  intra-cardiac  pressure  was  not  required,  one  of 
the  reservoirs  was  usually  placed  from  one  to  two  centimeters  below 
the  other,  so  that  a  slow  but  constant  current  of  fluid  was  kept  up 
through  the  ventricular  cavity,  a  great  change  in  the  pressure  which 
distended  its  wall  being  avoided  by  using  wide  vessels  for  reservoirs 
with  a  plenteous  supply  of  the  diluted  blood,  and  by  removing  at  short 
intervals  small  quantities  of  fluid  from  the  lower  to  the  upper  reservoir. 
In  the  experiments  recorded  in  this  paper  the  heart  of  the  water  frog 
(Rana  esculenta)  was  alone  employed. 


SECTION  I. 
The  Isolated  Ventricle. 

The  ventricle  which  has  been  tied  on  the  cannula,  by  a  ligature 
passing  round  the  auricular  wall,  near  the  auriculo-ventricular  sulcus, 
follows,  in  the  most  instances,  a  characteristic  rhythm,  which  has 
been  studied  and  described  with  great  care  by  Luciani*.  In  my  own 
observations  the  ventricle  commenced,  in  the  great  majority  of  cases, 
by  a  series  of  contractions  which  were  at  first  rapid,  afterwards  fol- 
lowing one  another  more  slowly,  and  becoming  at  the  same  time 
stronger.  This  first  stage — the  AnfalUstadium  of  Luciani — in  which 
the  contractions  succeed  one  another  with  a  tolerable  regularity,  is 
followed  by  the  "  stage  of  groups "  during  which  a  variable  number  of 
contractions  come  together  and  form  a  ''group,"  the  groups  being 
separated  from  one  another  by  periods  of  inactivity  of  variable  duration. 
Tracing  i."!*,  PI.  XVI.,  is  taken  from  a  ventricle  which  had  entered  upon 

*  Lnoiani,  I.  e, 

f  AU  the  tracings  aooompanjing  this  paper  most  be  read  from  right  to  left.  In 
the  majority  of  the  tracings  the  time  is  not  recorded  on  the  abscissa  line,  the  reason  being 
that,  owing  to  the  then  imftnished  condition  of  the  Berlin  laboratory,  a  eonyenient  in- 
terraptor  did  not  stand  at  my  dis]x>Bal.  From  the  excellence  of  the  clockwork,  however, 
which  moved  the  kymograph  cylinder,  a  time-marker  was  scarcely  required,  more  especially 
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this  stage,  and  it  will  serve  to  illustrate  the  strikingly  characteristic 
manner  in  which  the  contractions  follow  one  another.  The  groups 
represented  are  five  in  number,  the  first  four  being  made  up  each 
of  seven  contractions,  and  the  last  having  eight.  In  this  tracing  the 
curves  of  the  individual  contractions  ai*e  all  of  the  same  height,  which  is 
due  to  the  fact  that  the  pressure  against  which  the  ventricle  contracted 
(25  cm.  water)  was  one  against  which  it  was  able  to  empty  itself  com- 
pletely at  each  beat.  When,  however,  the  resistance  offered  to  the  con- 
tracting ventricle  is  greater  than  it  can  fully  overcome,  e.g.  with  a  pres- 
sure of  50 — 60  cm.  water,  we  find  that  the  contractions  are  not  usually 
equal  in  force,  and  in  most  cases  also,  the  beats  forming  each  group  are 
not  separated  by  equal  intervals  as  is  the  case  in  this  tracing.  Usually 
the  intervals  between  the  beats  which  make  up  each  group  are  longer 
towards  its  beginning  and  end  than  they  are  in  the  middle  of  the 
group,  and  in  this  case  the  contractions  become  less  powerful  at  that 
pai-t  where  the  rapidity  is  greatest,  i,e.  usually  towards  the  centre 
of  the  group.  The  number  of  contractions  in  each  group  and  the 
length  of  the  periods  of  inactivity  between  these,  varies  greatly  in 
different  ventricles  and  in  different  conditions  as  to  nutrition,  tem- 
perature, &c. ;  as  a  rule  however,  in  any  given  ventricle,  the  number 
of  beats  in  each  group  is  the  same,  or  nearly  the  same,  as  that  of 
those  which  immediately  precede  and  follow  it,  while  the  length 
of  the  pauses  does  not  usually  differ  greatly  for  the  same  ventricle 
at  any  given  part  of  the  grouping  stage,  so  long  as  the  conditions 
as  to  nutrition  &c.  remain  uniform.  The  length  of  this  stage  varies 
greatly  with  different  ventricles  and  with  different  circumstances ; 
it  may  last  for  from  less  than  a  quarter  of  an  hour  to  two,  three  hours, 
or  even  longer.  After  the  stage  of  groups,  the  rhythm  of  the  ven- 
tricle passes  into  the  third  stage,  the  "  Stadium  der  Krise "  of  Luciani, 
in  which  the  contractions  follow  one  another  more  or  less  regularly, 
the  rate  of  beat  being  however  slower  than  in  the  first  and  second 
stages,  and  becoming  progressively  slower  while  the  contractions  be- 
come at  the  same  time  weaker  and  weaker  until  they  altogether  cease. 
The  length  of  this  stage  naturally  varies  greatly,  according  as  the 
conditions  are  more  or  less  favourable.     In  one  instance  the  ventricle 

when  the  cylinder  turned  with  tlje  slow  moyement  which  was  employed  when  most  of  the 
tracings  were  taken.  By  repeated  measorements  the  rate  of  movement  was  found  almost 
absolutely  equal  for  a  given  time,  and  in  the  original  tracings  88  mm.  of  the  abscissa  line 
corresponds  to  1  min.  In  those  tracings  which  have  been  reduced  this  of  course  changes 
with  the  degree  of  reduction. 
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was  still  able  to  contract  thirty-six  hours  after  it  had  been  removed 
from  the  animal,  and  probably  many  might  be  kept  alive  very  much 
longer,  if  care  were  taken  to  renew  their  contents  at  sufficiently  short 
intervals  of  time. 

I.    The  Relaxed  Ventricle. 

Physiologists  seem  pretty  generally  to  agree  in  holding  that  the 
ventricle,  in  the  normal  condition,  expels  at  each  contraction  the  whole, 
or  very  nearly  the  whole,  of  its  contents.  If  this  be  so,  and  there  is 
every  reason  to  believe  in  the  truth  of  the  generally  accepted  opinion, 
it  follows  that  the  quantity  of  blood  thrown  out  at  each  systole  wiU 
depend  on  the  degree  of  distension  assumed  by  the  relaxed  ventricle. 
We  shall  proceed  to  examine  how  far  the  capacity  of  the  relaxed 
ventricle  varies  under  dififerent  conditions. 

(a)    Normal  Elasticity  of  the  Relaxed  Ventricle, 

We  have  here  first  to  find  the  extent  to  which  the  ventricle  di- 
lates during  diastole,  when  the  intra-ventricular  pressure  is  varied  to 
a  known  degree.  The  instrument  which  was  employed  gives  the  means 
of  varying  with  accuracy  the  intra-cardiac  pressure,  from  below  0'  to 
any  desired  height  above  0^  and  at  the  same  time  enables  us  to 
measure  the  extent  of  the  ventricular  dilatation  which  results,  as 
expressed  by  the  variations  in  the  quantity  of  blood  which  the  cavity 
of  the  ventricle  is  capable  of  containing.  It  may  be  objected  to  this 
method  that  we  cannot  from  it  learn  how  much  the  individual  muscle 
fibres  of  the  heart  are  stretched  when  its  capacity  is  increased  to  a 
given  degree,  so  that  we  cannot  compare  absolutely  the  curve  of  elas- 
ticity obtained  in  this  way  with  that  of  a  parallel-fibred  muscle.  Were 
the  ventricle  globular,  with  walls  of  equal  thickness,  such  a  comparison 
might  of  course  be  easily  made.  It  has  seemed  to  me  however  a 
matter  of  much  greater  practical  importance  to  learn  the  influence 
of  the  intra-cardiac  pressure  on  the  capacity  of  the  ventricle  during 
diastole,  and  thereby  on  the  work  done  by  the  heart,  as  expressed 
by  the  product  of  the  quantity  of  blood  thrown  out  during  a  given 
time,  or  by  a  given  number  of  contractions^-  with  the  height  to  which 
it  is  raised. 

The  ventricle,  when  the  extra- cardiac  pressure  is  higher  than  the 
intra-cardiac,  or  when  these  two  are  equal  (at  0**  of  our  scale),  while 
the  organ  has  free  play  to  expand  or  contract,  invariably  assumes 
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a  systolic  position — its  cavity  being  completely  or  almost 
completely  obliterated. 

In  my  earlier  observations  on  this  subject  the  reservoir,  the  height  of  which 
regulated  the  pressure  to  which  the  wall  of  the  ventricle  was  exposed,  was 
moved  by  the  hand  up  or  down  a  holder  on  which  was  fixed  a  centimeter 
scale.  With  this  method,  errors  of  one  or  two  millimeters  or  even  more  were 
scarcely  to  be  avoided,  and  I  have  lately  employed  a  means  whereby  the 
pressure  within  the  ventricle  might  be  governed  in  a  very  much  more  accurate 
manner.  In  this  latter  method  the  reservoir  is  raised  by  the  movement  of 
the  cylinder  upon  which  the  tracings  are  taken,  in  such  a  way  that  every 
centimeter  of  abscissa  of  the  tracing  which  is  obtained  corresponds  to  a 
rise  to  the  same  extent  of  the  intra-ventricular  pressure,  i.  6.  to  a  rise  of  one 
cm.  water  pressure.  This  is  readily  managed  by  passing  roimd  the  upper  fourth 
of  the  cylinder,  which  is  covered  with  the  blackened  paper  only  on  its  lower 
three-fourths,  a  strong  silk  thi*ead,  forming  an  endless  cord  and  communicating 
the  movement  of  the  cylinder  to  a  system  of  pulleys,  and  by  their  means 
raising  the.  reservoir.  This  latter  is  counterbalanced  by  weights,  so  that,  in 
raising  it,  the  clockwork  has  only  to  overcome  the  slight  friction  of  the  pulleys. 
When  used  for  observation  the  0"  of  the  pressure  is  first  marked  on  the 
cylinder,  the  ventricle  being  replaced  by  a  portion  of  frog*B  intestine,  as 
previously  described.  To  mark  the  0^  the  lever-point  is  placed  touching  a 
vertical  line  which  has  been  previomtly  marked  on  the  drum,  while  the 
reservoir  is  placed  at  a  given  level  somewhere  below  what  is  judged  to  be  the 
zero  of  the  scale ;  the  {)osition  of  the  lever,  with  its  point  at  the  level  of  the 
surface  of  the  fiuid  in  the  reservoir,  is  then  carefully  marked  by  means  of  a 
needle  fixed  in  a  holder.  On  now  setting  the  clockwork  in  motion,  the  reser- 
voir is  slowly  raised  at  the  same  rate  as  that  with  which  the  cylinder-paper 
passes  before  the  point  of  the  recording  lever.  On  0^  being  reached  the  lever- 
point  falla  This  operation  ia  repeated  three  or  four  times,  the  lever-point  and 
the  reservoir  being  carefully  placed  at  the  same  corresponding  pasitions  before 
the  clockwork  is  set  in  motion.  The  tracings  thus  taken  having  been  found 
to  correspond  exactly  (as  is  almost  invariably  the  case),  the  piece  of  intestine 
is  replaced  by  the  ventricle.  With  this  latter  the  same  blackened  paper  is 
used,  and,  at  the  beginning  of  tJie  tracing,  the  point  of  the  lever  touches  the 
game  point  on  the  cylinder-paper,  and  the  reservoir  is  placed  at  the  same 
height,  as  was  given  to  these  two  i*e8pectively  before  the  commencement  of 
the  curves,  which  have  already  been  taken.  With  the  ventricle  the  pressure 
reservoir  is  raised  from  below  0^  to  40 — 60  cm.  above  it,  and  the  experiment 
is  repeated  6 — 8  times,  the  same  blackened  paper  being  used,  so  that  the 
curves  which  have  been  successively  obtained  lie  over  one  another,  and 
usually  correspond  exactly  when  the  conditions  as  to  nutrition,  temperature, 
d:c.,  under  which  the  ventricle  is  placed  have  been  kept  nearly  uniform. 
Where  these  conditions  have  been  changed  between  the  time  of  taking 
two  individual  curves,  the  changes  in  the  elasticity  of  the  ventricle  which 
result  come  out  with  an  excessive  clearness,  scarcely  to  be  obtained  by  any 
other  method.  The  normal  curve  of  elasticity  of  the  ventricular  muscle  is 
also  obtained  with  a  much  greater  accuracy  than  would  be  possible  were  the 
reservoir  raised  and  lowered  by  the  hand.  We  possess  also  in  this  method  a 
very  perfect  means  of  eliminating  any  confusion  resulting  from  the  "  after 
expansion ''  {Nachdehnung  of  German  writers) ;  for  the  cylinder  can  be  moved. 
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and  therefore  the  pressure  raised,  with  the  greatest  slowness  (the  rate  of 
movement  which  I  generally  employed  was  one  with  which  the  reservoir  was 
raised  from  0°  to  +  50  cm.  in  about  ten  minutes).  The  curve  of  elasticity 
obtained  by  slowly  raising  the  pressure  with  an  equable  motion  can  also,  with 
advantage,  be  compared  with  that  obtained  by  slowly  diminishing  the  intra- 
cardiac pressure. 

The^eans  which  may  be  taken  for  avoiding  the  erro«  to  which  this 
method  is  liable  from  the  escape  of  small  quantities  of  fluid  through  the 
wall  of  the  ventricle  will  be  noticed  further  on.  From  the  large  size  of 
the  tracings  which  are  obtained  by  this  autographic  method,  and  the  diffi- 
culty of  reproducing  them  with  absolute  accuracy  without  the  aid  of 
photography,  it  is  impossible  to  give  any  in  illustration  of  this  paper,  and  I 
content  myself  with  giving  in  the  chart  Fig.  iv.  PL  xv.  the  chief  results  which 
can  be  gathered  from  one  taken  from  a  fairly  typical  ventricle. 

It  is  only  when  the  pressure  within  the  ventricle  is  higher  than 
that  outside  its  walls  by  from  'o  to  1  cm.  of  water  that  expansion  takes 
place.  The  belief,  entertained  by  many  of  the  earlier  writers  on  the 
physiology  of  the  circulation,  that  the  ventricle  possesses  the  power 
of  active  dilatation,  has  been  rejected  by  most  modern  physiologists, 
it  being  well  known  that  it  was  founded  on  faulty  observation  and 
experiments.  There  are,  nevertheless,  a  few  well-known  writers  who 
still  hold  fast  to  the  doctrine  of  an  active  diastole,  among  whom  may  be 
mentioned  Bouillaud,  Luciani*,  Spring^*,  PettigrewJ,  &c.  More 
especially  in  Italy  does  this  view  seem  to  have  been  gaining  ground 
of  late,  owing  to  the  unwearied  efforts  of  Luciani  in  support  of  his 
favourite  theory§ — efforts  which  have  been  so  successful  as  to  lead  to  the 
appearance,  from  the  pen  of  Mosso  and  Pagliani|),  of  an  able  criti- 
cism defending  the  more  generally  received  views  on  the  subject.  In 
their  experiments  these  writers  employed  a  method  resembling  in  prin- 
ciple that  which  was  used  in  the  observations  which  form  the  basis 
of  this  paper.     It  consisted  of  an  apparatus  which  admitted   of  the 

*  Luciani,  Salla  dottrina  delV  attivitd  diaBtolica,  Bologna,  1874,  and  RUposta  del 
Prof,  L.  Luciani  alia  critica  gperimentdle  della  attivitd  dioitolieaf  Bologna,  1876. 

t  Spring,  **Snr  les  monvements  da  ocenr  et  sp4cialement  snr  le  m^oanisme  dea 
valvules  auriculo-ventriculaires  "  in  Journal  de  Idid.  de  BruxeUes,  1861. 

X  Pettigrew,  Physiology  of  the  Circulation,  Lond.  1874. 

§  Amongst  these  may  be  mentioned: — ^Yinoenzo  Ghirone,  "Meooaniamo  di  azione 
della  ohinina  sul  sist^ma  oirculatorio  ed  azione  sulla  fibra  musoolkre  in  generkle.'* 
SperimentdU,  1874.  Guido  Tizzoni  e  Giacinto  Fogliato,  **Dell*  anestesia  per  le 
iniezibni  intravenbse  di  cloriUio,*'  Riviita  Clinica  di  Bologna,  1875.  Socrate  Cadet, 
Contiderazibni  intdmo  V  ipoteti  di  nervi  che  avrebbero  per  ufficio  d'  infren^e  la  eontrattilitd 
e  la  tonicitd  muicolhre,  Boma,  1876. 

II  Mosso  e  Pagliani,  Critica  Sperimentdle  della  Attivitd  diastdlica  del  Cuore, 
Torino,  1876. 
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pressures  within  and  without  the  ventricle  wall  being  made  the  same, 
or  of  the  one  being  made  higher  or  lower  than  the  other,  as  desired, 
the  organ  having  at  the  same  time  free  play  to  expand  or  contract. 
The  graphic  method  was  not  employed,  and  the  results  obtained  differ 
very  considerably  from  those  at  which  I  have  arrived  by  oft-repeated 
experiments.  For  example,  according  to  Mosso  and  Pagliani*,  the 
ventricle  is  able  to  expand  although  the  pressure  outside  its  walls 
be  higher  jbhan  the  intra-ventricular  pressure,  so  long  as  the  difference 
in  the  height  of  these  two  pressures  does  not  exceed  1*5—2  cm.  (water). 
It  can  also  be  seen  from  the  chart  which  they  give,  that,  against  a 
resistance  of  3  cm.  (water),  the  ventricle  was  unable  to  empty  itself  com- 
pletely at  each  contraction,  only  about  ^ths  of  its  contents  being  thrown 
out  at  every  systole.  How  it  comes  that  there  are  such  discrepancies 
in  the  results  which  we  have  respectively  obtained,  I  do  not  profess 
myself  able  to  explain. 

If,  however,  the  theory  of  an  active  diastole  of  the  ventricle  has 
not  recently  gained  many  converts,  there  is  another  view  according 
to  which  also  the  organ  plays  more  than  a  passive  r6le  in  expanding, 
and  which  has  gradually  been  finding  more  and  more  favour  in  the 
eyes  of  physiologists.  This  has  moreover  the  advantage  of  not  re- 
quiring the  assumption  of  a  new  vital  property  for  muscular  tissue. 
I  refer  to  the  view  according  to  which  the  elasticity  of  the  ventricle 
wall  tends  to  make  the  latter  return  after  each  contraction  to  a  position 
of  equilibrium. 

This  position  of  equilibrium  is  generally  assumed  to  be  the  same 
as  that  which  the  heart  wall  takes  up  immediately  after  death,  and 
before  the  post-mortem  rigidity  has  set  in.  A  transverse  section 
through  such  a  heart  (the  heart  of  a  mammal)  shews  that  the  cut  surface 
of  the  left  ventricle  describes  very  nearly  a  circle,  the  cavity  being 
by  no  means  obliterated,  and  it  can  be  seen  that,  after  pressing  the 
ventricular  walls  together  with  the  hand,  they  resume  their  former 
position  with  a  certain  degree  of  force.  This  force,  in  the  heart  of 
the  freshly  killed  animal,  has  been  measured  by  L.  Fick'f'  and  by 
Goltz  and  Gaule  J.  The  latter  observers  found  that  the  left  ventricle 
of  the  calf's  heart  was  able  to  raise,  in  expanding,  after  its  walls  had 
been  compressed  by  the  hand,  a  column  of  water  300  mm.  in  height, 
while  the  aspirating  power  of  the  left  ventricle  of  the  dog,  under 

•  L.  c.  p.  62.  +  Fick,  Miiller'g  Arehiv,  1849. 

t  Goltz   and   Gaule,    **  Ueber   die   DraokverhaltnisBe   im  Innem  dea  Henens,** 
Pfliiger's  iircWr.  1878. 
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tbe  same  circumstances,  was  represented   by  a  column  of  from  100 
to  200  mm.  of  water. 

Compression  by  the  hand  of  the  dead  ventricle  has,  however,  but 
a   very  faint  resemblance  to  what  takes  place   when   the   ventricle 
empties  itself  by  reason  of  the  contraction  of  its  muscular  wall.     And 
for  this  reason  the  experiments  which  have  been  made  by  Goltz  and 
Gaule*   for   the  purpose  of  measuring  the  minimum  and  maximum 
intra-ventricular  pressures  in  the  living  animal  are  of  very  much  greater 
importance.     These  observers  introduced  into  the  left  or  right  ventricle 
of  the  dog,  by  way  of  the  carotid  artery  or  jugular  vein  as  the  case 
might  be,  a  thin-waUed  german-silver  cannula  connected  with  a  mer- 
curial   manometer  by  a  tube,  in  the  course  of  which  was  a  valve, 
opening  either  towards  the  heart  or  towards  the  manometer,  according  as 
the  minimum  or  the  maximum  ventricular  pressure  was  to  be  measured. 
With  this  apparatus  they  were  able  to  learn  that,  with  the  unopened 
thorax,  the  negative  pressure  in  the  left  ventricle  of  the  dog  may  be 
as  great  as  —  52  mm.  of  mercury,  as  was  the  case  in  one  experiment;  in 
another  it  was  —  36  mm.,  and  in  a  third  it  was  only  —  21  mm.;  while,  for 
the  right  ventricle,  the  negative  pressure  was  in  one  animal  — 16  mm. 
After  the  thorax  had  been  opened,  and  the  aspirating  power  due  to 
the  elasticity  of  the  pulmonary  tissue  thus  eliminated,  they  found  that 
the  negative  pressure  within  the  left  ventricle  may  be   as  great  as 
—390  mm.  water  (=  —  23'5mm.  mercury),  as  in  one  case;  in  another  it 
was  =  — 198,  &c.  &c. ;   in  one  instance  the  minimum  pressure  in  the 
right  ventricle,  under  the  same  conditions,  equalled  only  —10  mm.  water. 
These  experiments  leave  no  room  for  doubt  as  to  the  existence  of  an 
aspirating  power  possessed  by  the  ventricle  wall  and  independent  of 
the  negative  pressure  which  exists  within  the  thorax  generally.     This 
power  is  evidently,  as  the  authors  remark,  possessed  almost  exclusively 
by  the  left  ventricle,  that  of  the  right  being  practically  insignificant. 
We    cannot,   unfortunately,  learn  from  these    valuable    experiments, 
during  how  great  a  part  of  the  diastolic  period  this  suction  of  the 
ventricle  wall  continues,  whether  it  is  only  for  a  short  instant  at  its 
commencement,  or  whether  it  continues  until  the  ventricle  has  nearly 
reached  its  full  degree  of  expansion.     From  a  conversation  which   I 
have  had  with  Prof.  Qoltz  on  the  subject  I  learn  that  be  inclines  de- 
cidedly towards  the  former  view. 

Since  the  publication  of  the  experiments  above  referred  to,  a  paper 

*  Loe,  cit. 
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has  appeared,  from  the  hands  of  Prof.  Stefan i*,  in  which  the  author 
claims  that,  while  the  diastolic  aspiration  is  due  solely  to  the  elasticity 
of  the  heart,  as  demonstrated  by  Prof.  Goltz,  yet  this  elasticity  does 
not  remain  constant,  that  the  aspiration  may  be  greater  with  one 
diastole  than  with  another,  and  that  independently  of  the  degree  to 
which  the  ventricle  has  contracted  at  the  preceding  systole.  Stefani^ 
however,  judged  of  the  variations  in  the  aspirating  power,  not  by 
the  variations  in  the  intra-cardiac  pressure,  but  by  the  changes  in 
the  volume  of  the  entire  heart,  as  indicated  by  the  variations  in  the 
pressure  of  the  fluid  or  air  which  he  introduced  into  the  pericardiac 
cavity — a  method  which  leaves  very  much  to  be  desired  in  the  way 
of  accuracy. 

I  return,  after  this  digression,  to  the  consideration  of  the  influence 
exercised  by  the  intra-cardiac  pressure  on  the  position  assumed  by  the 
frog's  ventricle  during  diastole.  Tracing  ii.  PI.  xvf^and  the  chart  (Fig. 
iv.  PI.  xvf)  are  intended  to  illustrate  this  point.  The  tracing  was  obtained 
by  raising  and  lowering  the  reservoir,  whose  height  regulated  the  intra- 
cardiac pressure,  by  the  hand.  It  can  be  seen  that  at  (f  the  ventricle 
was  not  altogether  empty  during  diastole,  being  able  to  send  out  a 
small  quantity  of  blood  at  each  contraction.  This  I  am  inclined  to 
ascribe  to  the  influence  of  the  cannula,  the  form  of  its  extremity  not 
being  such  as  to  admit  of  the  ventricle  wall  fitting  closely  round  it. 
The  tracing  also  shews  that,  with  gradually  increasing  pressures,  the 
ventricle  becomes  more  and  more  distended  during  diastole,  but  that 
the  increase  in  capacity  does  not  go  pari  passu  with  the  increase  in 
intra-cardiac  pressure.  This  can  be  better  seen  from  the  chart,  taken 
from  a  tracing  which  was  obtained  by  the  more  accurate  method 
described  in  the  note  to  p.  464.  Taking  the  intra-cardiac  pressures  as 
the  abscissas,  and  the  resulting  increase  in  capacity  of  the  ventricle 
as  ordinates,  we  obtain  a  curve  of  the  elasticity  of  the  relaxed  ventricle. 
In  the  chart  this  is  the  lower  of  the  two  curves  represented,  the  upper 
being  the  elasticity  curve  of  the  contracted  ventricle.  It  can  be  seen 
that  the  ventricle  is  empty  at  0",  that  with  a  pressure  of  2*5  cm.  (water) 
it  contains  '4  cub.  cm.  of  fluid  during  diastole,  at  5  cm.  pressure  its 
capacity  has  increased  to  '475  c.cm.,  at  10  cm.  to  '54  ccm.,  Ac.  &a  On 
raising  slowly  the  intra-cardiac  pressure  the  ventricle  begins  to  distend, 
therefore,  with  an  internal  pressure  a  little   above  zero,  and  above 

*  Stefani,  Intdrno  alle  variazidni  del  volume  del  euore  ed  alia  aapiratidne  dtoftdUco, 
Ferrara,  1878. 
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this,  slight  variations  in  pressure  produce  relatively  large  changes  in 
capacity  until  a  pressure  of  10 — 15  cm.  (water)  is  reached,  above  which 
the  distensibility  is  comparatively  small.  The  elasticity  curve  of  the 
relaxed  ventricle,  like  that  of  all  tissues  of  the  body  (except  bone)  is 
a  hyperbola,  but  it  diflfers  from  that  of  other  tissues,  e,g.  the  voluntary 
muscles,  by  making  a  very  sharp  bend  near  its  commencement,  at 
that  part  of  its  course  which  corresponds  to  an  intra-cardiac  pressure 
varying  from  0**  to  15  cm. 

In  order  to  illustrate  the  practical  importance  of  the  characters 
of  the  elasticity  or  distensibility  of  the  ventricle,  which  are  dealt  with 
above,  a  portion  of  what  has  to  be  said  concerning  the  contractile 
power  of  the  auricles  may  be  anticipated  here.  On  fastening  one 
or  both  auricles  on  the  cannula  (the  septum  auriculorum  being  in  the 
latter  case  slit  through),  and  measuring  the  extent  to  which  they  are 
able  to  contract  agaihst  different  pressures,  it  is  found  that,  with  an  intra- 
auricular  pressure  as  high  as  10 — 15  cm.  (water)  it  is  rare  that  they 
are  able  to  send  out  more  than  a  minimal  part  of  their  contents  (seldom 
so  much  as  "01  cub.  cm.).  Their  maximum  of  work  (quantity  of  fluid 
thrown  out  multiplied  by  the  height  to  which  it  is  raised)  is  usually 
obtained  with  a  pressure  of  from  5  to  7  cm.,  while  the  quantity  of 
fluid  thrown  out  is  greatest  with  a  pressure  which  may  vary  from 
2  to  5  cm.  Assuming  that  these  values  enable  us  to  draw  some  con- 
clusion as  to  the  contractile  power  of  the  auricles  in  the  living  normal 
animal,  we  may  hold  that  the  auricles  are  incapable  of  distending  the 
ventricular  wall  with  a  force  greater  than  that  expressed  by  from 
10  to  15  cm.  (water) ;  and  that,  probably,  the  normal  intra-ventricular 
pressure  during  diastole,  in  so  far  as  it  is  governed  by  the  force  of 
the  auricular  contractions,  will  vary  from  2  to  10  cm. 

Another  element  however  influences  the  intra-ventricular  pressure 
during  the  diastolic  period,  viz.  the  height  of  the  blood-tension  in  the 
large  veins.  There  is  of  course  no  trustworthy  method  of  measuring  di- 
rectly this  venous  pressure  in  the  living  frog.  In  the  course  of  some 
experiments  undertaken  for  another  purpose  I  found  that,  in  one  case, 
the  vena  cava  inferior  burst  under  a  pressure  in  its  interior,  of 
25  cm.  (water).  This  is,  however,  of  little  value  for  our  present  subject. 
More  pertinent,  though  by  no  means  completely  satisfactory,  seeing 
that  they  were  made  under  abnormal  conditions,  are  some  direct 
measurements  of  the  pressure  in  the  small  veins  which  were  made  by 
Graham  Brown  and  myself  in  the  course  of  a  series  of  observations 
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on  the  blood-pressure  in  the  capillaries  &c  *  On  submitting  a  frog, 
in  whose  web  the  capillary  pressure  was  being  continuously  measured, 
to  Goltz's  Klopf'Versuch,  we  found  that  the  blood-pressure  in  the 
capillaries  gradually  falls  to  0^  On  allowing  the  animal  to  recover 
it  was  found  that  the  tension  in  the  veins  usually  begins  to  rise  before 
that  in  the  arterial  system,  the  result  being  that  the  blood  commences 
to  flow  backwards  from  the  ventricles  into  the  capillaries,  and  from 
thence  into  the  arteries.  On  now  measuring  the  tension  in  one  of  the 
small  veins,  it  was  found  not  infrequently  as  high  as  7 — 10  cm.  (water). 

In  such  experiments  the  venous  system  is  congested  while  the 
arteries  are  comparatively  empty,  and  when  in  such  cases  we  find  the 
venous  pressure  at  10  cm.  it  may  fairly  be  assumed  that  it  is  above 
that  which  exists  under  normal  conditions.  The  normal  pressure  in 
the  large  veins  would  thus  range  from  0  to,  at  the  most,  10  cm.  The 
two  forces  which  govern  the  intra-ventricular  pressure  during  diastole 
in  the  healthy  animal  may  then  be  taken  to  be  only  capable  of  raising 
that  pressure  to,  at  the  very  most,  15  cm.,  and,  in  all  probability, 
the  pressure  produced  by  them  will  usually  be  under  10  cm.  A  glance 
at  the  chart  (Fig.  iv.)  or  the  Tracing  (ii.)  will  shew  how  great  is  the 
importance  for  the  work  done  by  the  heart  of  these  facts,  for,  from 
them  we  can  see,  that  between  the  pressures  of  1  cm.  and  15  cm.  the 
heart  expands  from  a  condition  in  which  it  is  nearly  empty  to  one 
at  which  it  has  nearly  attained  its  greatest  possible  distension.  The 
conclusion  is  thus  naturally  amved  at,  that  caeteris  (aortic  pres- 
sure, rapidity  of  rhythm)  paribus,  the  amount  of  the  heart 
work  is  capable  of  being  varied  within  wide  limits  by  varia- 
tions in  the  venous  pressure,  and  more  so  still  by  variations 
in  the  force  of  the  auricular  contractions.  In  drawing  this  con- 
clusion we  have  of  course  assumed  that  the  quantity  of  blood  entering 
the  heart  has  been  sufficient  to  give  these  forces  free  play,  for,  unless 
this  be  assumed,  we  must  look  to  the  quantity  of  blood  arriving  at  the 
heart  as  the  predominating  factor  in  regulating  the  work  done. 

The  elasticity  of  ventricles,  which  have  not  been  too  long  removed 
from  the  animal,  and  when  care  has  been  taken  to  supply  them  with 
fresh  nutrient  fluid,  is  remarkably  perfect,  i,e,  after  distension  by  a 
high  intra-cardiac  pressure  it  returns,  on  pressure  being  reduced,  to 

♦  Preliminary  notice  in  Verhandlungen  der  physiolog.  (Jesellsch.  zu  Berlin,  Sitznng 
15Ui  Feb.  1878.  Our  obseryations  vnH  be  published  in  exUnto  in  a  sucoeeding  number  of 
this  Journal. 
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almost  exactly  the  same  position  which  it  before  assumed  at  the  cor- 
responding low  pressure.  Measurements  of  this  kind  are  apt  to  be 
interfered  with  by  the  escape  of  some  of  the  contents  of  the  ventricle 
by  percolation  through  its  walls^f,  and,  at  first  sight,  it  not  unfre- 
quently  appears  that  the  ventricle,  after  being  distended  by  a  pressure 
of,  let  us  say,  60  cm.,  does  not  return  completely,  on  the  tension  being 
lowered  to  10  cm.,  to  the  same  position  as  it  previously  occupied  at 
the  same  intra-ventricular  pressure.  The  amount  of  fluid  which  has 
escaped  through  the  ventricle  wall  is,  however,  readily  found  by  lowering 
the  reservoir  to  a  point  below  the  0**  of  the  scale,  when  the  heart  empties 
itself  completely,  and  the  ditFerenoe  in  the  position  of  the  point  of  the 
lever  from  that  which  it  at  first  occupied  when  the  ventricle  was  emptied 
by  the  same  method,  corresponds  exactly  to  the  quantity  of  fluid  which 
has  escaped  through  the  thin  ventricular  wall.  This  fact  is  best  illus- 
trated when  the  elasticity  curve  is  obtained  by  the  autographic  me- 
thod, described  in  the  note  on  p.  464.  With  this  method,  curve  after 
curve  can  be  superimposed,  and  the  slightest  change  in  the  elasticity  of 
the  ventricle  is  immediately  evident  in  cases  where  it  occurs.  I  pos- 
sess several  tracings  taken  in  this  way,  where  the  intra-cardiac  pressure 
was  varied  from  —  5  to  +  55  cm.  (water),  and  where,  in  each  tracing,  eight 
or  ten  curves  are  superimposed,  each  one  having  been  taken  so  slowly 
that  ten  minutes  were  required  to  raise  the  reservoir,  with  an  equable 
motion,  from  -  5  to  +  55  cm.  of  the  scale.  In  those  cases  where  the 
conditions  as  to  nutrition  &c.  were  kept  uniform  during  the  course  of 
the  experiment,  and  where,  at  the  beginning  of  each  curve,  the  slight 
change  in  the  height  of  the  lever  point  caused  by  the  escape  of  fluid 
through  the  ventricle  wall  (where  such  occurred)  was  corrected,  it  can 
be  seen  that  the  individual  curves  correspond  very  exactly  to  one  an- 
other, so  much  so  that  it  is  usually  impossible  to  tell,  from  the  tracing, 
how  many  curves  have  been  taken,  often  only  one  somewhat  thick  line 
marking  the  course  taken  by  the  point  of  the  lever  in  the  successive 
tracings.  When  it  is  remembered  that  the  delicacy  of  the  instrument 
is  so  great  that  a  variation  in  the  elasticity  of  the  ventricle  wall  result- 

*  The  qnantity  of  fluid  which  escapes  through  the  ventrioidiir  wall,  on  the  pressare 
being  raised,  varies  greatly  with  different  ventricles.  In  some,  the  pressare  may  be  kept 
as  high  as  30 — 40  cm.  for  as  long  as  half  an  hour,  withoat  any  percolation  throngh  the 
wall,  while  in  others  this  occnrs  so  rapidly  that  it  is  impossible,  from  them,  to  obtun 
a  reliable  elasticity  carve.  Fig.  2,  PI.  zvi.,  is  taken  intentionally  from  a  ventricle  which 
permitted  anasaally  free  filtration  throagh  its  waU,  the  flaid  which  had  escaped  coUecting 
in  the  form  of  boll®  on  its  surface.  Where  the  blood  ased  presents  traces  of  com- 
mencing decomposition  this  escape  of  fluid  is  osoally  more  marked  than  with  fresh  blood. 
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ing  in  an  increase  or  a  diminution  of  its  contents  by  less  than  one  hun- 
dredth part  of  a  cubic  centimeter  would  be  immediately  evident  on  the 
tracing,  it  will  be  understood  how  perfect  is  the  elasticity  of  the  organ 
under  normal  conditions. 

When,  however,  instead  of  being  supplied  with  diluted  blood  which 
is  renewed  at  short  intervals,  the  fluid  in  the  ventricle  is  left  for  some 
time  unchanged,  or  where  it  is  supplied  with  simple  salt  solution,  its 
elasticity  curve  no  longer  corresponds  with  that  of  the  normal  ventricle. 
Its  elasticity  is  then  usually  somewhat  less  than  when  it  is  supplied 
with  plenty  of  diluted  blood,  and  this  is  most  evident  when  the  rhythm 
of  its  contractions  is  slow;  on  the  other  hand,  its  elasticity  not  unfre- 
quently  becomes  greater  when  the  nutrition  is  insufficient,  and  this  is 
more  especially  the  case  where  the  rhythm  is  riipid,  and  where  simple 
salt  solution  has  been  used  to  replace  the  diluted  blood.  Sometimes, 
under  the  last  mentioned  conditions,  the  elasticity  has  so  increased 
that  the  ventricle  remains  almost  completely  contracted  until  the  intra- 
cardiac pressure  has  risen  to  3  or  4  cm.  (water).  The  influence  of  the  rate 
of  boat  on  the  elasticity  curve  of  the  relaxed  heart,  will  be  noticed  more 
fully  further  on.  Besides  the  nutrition,  there  is  another  influence  which 
modifies  the  elasticity  of  the  ventricular  wall,  viz,  fatigue.  Towards  the 
end  of  the  last  stage  [Stadium  der  Krise  of  Luciani)  the  elasticity  curve 
is  usually  lower  on  the  tracing  than  it  was  at  first,  i.  e,  the  ventricle  has 
become  more  distensible — its  elasticity  has  diminished. 

The  pathological  significance  of  the  fact  that  imperfect  nutrition 
and  fatigue  are  capable  of  modifying  greatly  the  elasticity  of  the  ven* 
tricular  wall,  is  so  evident  that  it  need  not  be  insisted  upon  here. 

It  has  been  said  that  the  ventricle,  when  the  pressures  within  and 
without  its  walls  are  equal,  takes  up  a  position  in  which  it  is  practically 
empty.  This  statement,  however,  requires  to  be  qualified  for  certain 
special  conditions.  When  the  curves  are  taken  during  the  "grouping 
stage,"  and  when  the  intra-cardiac  pressure  is  lowered  during  one  of  the 
periods  of  inactivity  which  separate  the  groups  from  one  another,  from 
a  position  above  0^  to  one  below  it,  the  heart  does  not  usaally  empty 
itself  completely,  but,  after  contracting  until  all  but  perhaps  3  or  4  tenths 
of  the  contained  fluid  has  escaped,  it  remains  in  this  partly  contracted 
condition,  even  although  the  extra- ventricular  pressure  be  6  or  8  cm. 
higher  than  that  within  its  walls.  It  is  only  when,  at  the  commence- 
ment of  another  group,  the  ventricle  contracts  actively  that  it  expels 
the  whole  or  nearly  the  whole  of  its  contents.  Having  contracted,  how- 
ever, it  remains  so,  until  forced  open  by  the  pressure  of  the  fluid  within 
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its  walls.  It  may  be  added  that  the  same  fact  holds  good  for  the  ven- 
tricle of  the  tortoise,  which,  in  so  far  as  its  elasticity  is  concerned, 
resembles  very  closely  that  of  the  frog. 

(b)     Modifications  in  the  elasticity  of  the  ventricular  wall. 

I.  Contraction-remainder.  Hermann*  appears  to  have 
been  the  first  to  call  attention  to  a  character  which  not  unirequently 
presents  itself  in  the  curves  obtained  from  voluntary  muscles,  and  which 
has  recently  been  more  closely  studied  by  Tiegel-f-  and  others.  It  is 
due  to  the  fact  that  a  muscle,  whose  contractions  are  being  recorded 
by  a  myograph,  and  which  is  stimulated  to  contraction  by  rhythmic 
excitations — e.g,  once  or  twice  per  second — ^from  an  induction  machine^ 
frequently  does  not  return,  after  the  first  contraction,  to  the  same  degree 
of  extension  which  before  existed,  but  remains  somewhat  shortened. 
This  shortening  of  the  inactive  muscle  usually  becomes  more  marked 
with  the  first  few  contractions;  afterwards,  the  muscle  being  still 
stimulated  rhythmically  at  the  same  intervals  of  time,  becoming  less 
and  less,  until,  after  a  period  of  time  of  varying  duration,  the  muscle 
has  very  nearly  reached  the  same  length  as  it  had  before  the  first 
contraction.  According  to  Hermann  this  slow  contraction  of  the  inac- 
tive muscle  is  the  same  in  nature  as  that  peculiar  slow  shortening  and 
expansion  which  muscles  often  present  under  the  influence  of  certain 
poisons,  e.g.  veratrin,  antarin,  cafiein,  &c.,  and  which  is  sometimes 
called  the  idio-muscular  contraction.  It  differs,  however,  from 
this  latter  in  so  many  particulars  that  it  has  received  a  special  name, 
or  rather  several  special  names,  being  called  Contractur  by  TiegelJ, 
by  Hermann§  "  contraction-remainder"  (  Verkurzungsrilckstand),  while 
Mi  not  II  styles  it  "permanent  contraction."  The  name  applied  to  it  by 
Hermann  indicates  that  the  shortening  results  from  the  foregoing 
contraction  or  contractions. 

A  glance  at  Tracing  iv.,  PL  xvi.,  which  is  from  a  ventricle  where  this 
;<  contra^^tioD-remainder "  is  weU  marked,  will  suffice  to  shew  in  what  way 
it  modifies  the  form  of  the  curve  given  by  the  isolated  ventricle.    From 

*  Hermann,  De  tono  ac  motu  museulorvan  tumnulla  (Inang.  Dibs.)*  Berolini,  1659. 
Beferenoe  in  Canstatt's  Jahretb. 

t  Tiegel,  '*yeber  Maskelcontraotnr  im  GegenBats  su  ContraotioQ,"  Pflfig«r*8 
Archiv,  Bd.  xin.  1876. 

X  Tiegel,  L  c. 

§  Hermann,  "  Notizen  zor  Muskelphysiologie **  in  Pfliiger's  Archive  BcL  zni.  1876. 

II  Minot,  JoumcU  o/Anat.  and  Physiology,  1878. 
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this  traciDg  it  cau  be  seen  that,  after  each  contraction,  the  ventricle 
does  not  at  once  expand  fully,  but  that,  having  at  first  dilated  rapidly, 
it,  when  more  or  less  nearly  arrived  at  the  degree  of  distension  which 
existed  before  the  systole,  expands  more  slowly,  so  that  the  lever-point 
traces  on  the  cylinder-mantel  a  curve  whose  convexity  is  turned  towards 
the  abscissa.  Tracings  taken  from  ventricles  during  the  grouping 
stage  are  especially  well  suited  to  shew  the  influence  of  this  factor  on 
the  diastolic  capacity,  as,  during  the  pauses,  the  ventricle  has  time  to 
expand,  and  the  difference  in  height  of  the  diastolic  part  of  the  curve 
before  and  during  the  groups,  gives  us  some  criterion  as  to  the  degree 
of  *'  contraction-remainder"  present  at  the  time  of  observation. 

The  degree  to  which  this  contraction-remainder  influences  the  ca- 
pacity of  the  relaxed  heart  varies  much  under  different  conditions. 
There  is  evidence  of  its  presence  to  a  greater  or  less  extent  in  all  those 
tracings  which  I  possess  from  the  isolated  ventricle  where  the  move- 
ments of  the  organ  were  sufficiently  magnified  to  make  slight  changes 
in  the  form  of  the  curve  appreciable.  In  the  case  of  the  ventricle  which 
has  not  been  too  long  removed  from  the  animal,  and  which  is  supplied 
with  good  nutrient  fluid,  the  influence  of  this  element  on  the  capacity  of 
the  organ  is  excessively  slight,  so  long  as  the  contractions  do  not  follow 
one  another  too  rapidly.  When,  however,  the  ventricle  is  supplied 
with  insufficient  food,  as  when,  for  example,  simple  salt  solution  is 
passed  through  its  cavity  instead  of  diluted  blood,  it  becomes  very 
marked,  and  the  quantity  of  fluid  thrown  out  at  each  contraction  may 
on  that  account  be  one-sixth  to  one-eighth  less  than  would  be  the  case 
were  this  contraction-remainder  absent.  It  scarcely  requires  to  be 
added  that  the  influence  of  this  factor  on  the  ventricular  capacity 
varies  greatly  with  the  rate  of  beat  If  the  interval  between  the  con- 
tractions is  long,  the  effect  on  the  quantity  of  fluid  thrown  out  at  each 
systole  may  be  nil;  and  I  may  quote,  in  connection  with  this  subject, 
the  remarks  made  by  Rossbach  and  Harteneck*  on  the  influence 
exercised  by  the  rapidity  with  which  the  contractions  follow  one  an- 
other, on  the  degree  of  shortening,  in  the  case  of  voluntary  muscles. 
They  say  that  "  the  contraction-remainder  only  shews  itself  when  the 
interval  between  the  individual  excitations  is  of  a  certain  duration,  and 
the  contractions  must  follow  one  another  at  least  once  every  second. 
If  the  interval  is  longer,  there  is  neither  the  primary  well-marked 
shortening,  nor  the  later-coming  gradual  rise  of  the  lever-point  above 

*  Bossbaoh  a.  Harteneok,  ^'Maskelyersuohe  an  Warmbltttern,**  Pfliiger's  Arckiv^ 
Band  xv. 
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the  abscissa.  If  a  long  interval  between  the  excitations  follow  a 
shorter,  the  point  of  the  lever  returns  slowly  back  to  the  abscissa,  and 
if  a  short  interval  succeed  a  long  one  which  had  not  produced  the  con- 
traction, then  that  now  shews  itself" 

That  the  "  contraction-remainder,"  or  the  after-expansion  as  I  would 
prefer  to  call  it,  has  not  before  this  been  noticed  by  any  of  the  numerous 
experimenters  who  have  worked  with  the  frog's  ventricle,  must  be  as- 
cribed to  the  fact  that,  with  the  little  mercury  manometer  instrument, 
it  is  impossible  to  follow  accurately  the  changes  in  the  diastolic  position 
of  the  ventricle.  The  floating  style  is  far  from  recording  with  sufficient 
accuracy  the  movements  of  the  mercury  upon  which  it  rests  to  give  the 
form  of  the  individual  contractions  in  a  satisfactory  manner,  even  if  the 
inertia  of  the  mercury  itself  were  not  a  serious  barrier  in  the  way  of 
obtaining  the  true  form  of  the  changes  in  capacity  of  the  organ  which 
occur  at  each  systole. 

Before  leaving  this  part  of  my  subject,  I  may  add  a  word  as  to  the 
nature  of  this  after-expansion. 

Tiegel  found  it  only  to  occur  when  the  muscle  was  stimulated 
directly  by  the  induced  current;  we  learn,  however,  from  the  experi- 
ments of  Rossbach  and  Harteneck,  that  it  may  occur  both  with 
direct  and  indirect  stimulation,  while,  in  the  case  of  the  ventricle,  my 
own  observations  shew  that  it  may  occur  independent  of  any  external 
stimulation — that  it  is  more  or  less  evident  in  all  ventricle  curves,  and 
that  it  is  greatly  increased  by  imperfect  nutrition. 

It  resembles  the  idio-muscular  contraction  in  some  respects,  no 
doubt,  but  diflFers  from  it  in  one  very  important  particular,  viz.  in  that  it 
is  a  purely  passive  phenomenon;  and  it  presents,  to  my  mind,  a  much 
closer  analogy  to  a  well-known  fundamental  characteristic  of  the  elasticity 
of  organic  substances  in  general.  When  a  portion  of  organic  tissue — a 
thread  of  silk  or  a  piece  of  artery  for  example — is  stretched  by  means 
of  a  weight  fastened  to  one  of  its  ends,  the  other  being  fixed,  it  does 
not  at  once  assume  the  full  degree  of  lengthening  which  it  will  ulti- 
mately present  with  that  given  weight,  but,  after  stretching  rapidly  to 
a  certain  extent,  it  then  expands  more  and  more  gradually,  until,  after 
a  variable  time,  it  reaches  a  position  at  which  it  is  really  in  equili- 
brium ;  and  when,  on  the  other  hand,  the  weight  which  stretches  it  is 
reduced,  the  tissue  contracts,  at  first  rapidly,  and  then  more  and  more 
slowly,  towards  the  position  at  which  its  elasticity  will  exactly  coun- 
terbalance the  weight  which  tends  to  expand  it.  On  account  of  the  "  after 
action  **  {Nachwirkung)  (which  appears  to  be  very  slight  if  not  alto- 
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gether  absent  in  the  case  of  inorganic  substances)  it  is  exceedingly 
diflBcult  to  obtain  the  trae  curve  of  various  organic  tissues.  This  elastic 
"after-action"  has  been  studied,  and  many  of  its  characters  indicated, 
by  E.  Weber*,  who  was  the  first  to  observe  it.  It  has  also  received 
notice  from  Werthheimf,  but  it  is  to  WundtJ  that  we  are  more 
especially  indebted  for  the  chief  part  of  what  is  known  on  the  subject. 
The  elastic  after-action  is  not  present  to  the  same  extent  in  all  organic 
tissues,  and,  in  my  own  observations,  I  have  found  it  characterize  to  the 
highest  degree  the  elasticity  of  the  arterial  wall,  and  of  the  wall  of  the 
veins,  while  in  many  other  tissues  it  is  relatively  unimportant.  In 
muscles,  under  ordinary  circumstances,  it  is  but  slight,  and  the  same 
holds  good  for  the  ventricle  of  the  frog.  It  is  different,  however,  with 
the  ventricle,  in  that  condition  where  the  contraction-remainder  is 
present  to  a  marked  degree.  When,  in  this  condition,  the  intra-cardiac 
pressure  is  suddenly  raised — from  10  to  50  cm.  (water)  for  example — the 
ventricle  takes  a  much  longer  time  to  reach  the  degree  of  distension 
which  it  finally  assumes  at  that  pressure  than  does  the  normal  ventricle. 
It  is  necessary  of  course,  in  such  experiments,  to  take  the  greatest  care 
that  no  error  creeps  in  due  to  the  escape  of  fluid  through  the  ventricle 
wall.  If  any  of  the  fluid  percolate  through  the  wall  its  quantity  may 
be  found  by  the  means  mentioned  on  page  471  and  error  thereby 
avoided. 

A  consideration  of  the  changes  in  the  relations  between  the  elas- 
ticity and  the  distending  force,  which  occur  at  each  systole  in  the  case 
of  the  ventricular  muscle,  will  show  in  what  way  this  elastic  "  after- 
action "  may  influence  the  form  of  the  curve  of  each  individual  con- 
traction, and  modify  also  the  diastolic  capacity  of  the  ventricle.  At 
the  time  of  contraction  the  equilibrium  between  the  elasticity  of  the 
ventricular  muscle  and  the  distending  force  is  broken,  not  by  a  change 
in  the  degree  of  force  which  acts  on  the  walls  of  the  heart,  but  by  a 
change  in  the  elasticity  itself.  This  view  of  course  does  not  necessitate 
the  acceptation  of  Weber's  theory  that  the  change  in  the  elasticity  is  the 
cause  of  the  contraction.  The  change,  however,  in  the  elasticity,  whether 
it  be  cause  or  effect  of  the  contraction,  takes  place,  and,  where  the 
elastic  "after-action"  is  present  to  a  high  degree,  equilibrium  between 
the  distending  force  and  the  elasticity  will  not  be  at  once  established  • 
and,  for  the  same  reason,  when,  on  relaxation  occurring,  the  muscle 

♦  E.  Weber,  Poggendorfs  Annal  Band  liv.,  1841. 

tWerthheim,  Annal.  de  Chimie  et  de  Phys.,  3me  S6rie,  tome  xxi.,  1847,  p.  885. 
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resumes  the  same  elasticity  which  it  had  previously,  the  ventricle  will 
not  at  once  assume  the  full  degree  of  distension  which  it  will  ultimately 
present  at  the  given  pressure.  This  influence  of  the  elastic  after  action 
seems  to  have  been  entirely  overlooked  by  Fick*,  in  his  experiments 
on  the  form  of  the  curve  of  equilibrium  during  muscular  contraction. 
Supposing,  however,  that  we  accept  the  view  that  the  contraction- 
remainder  is  nothing  else  than  the  elasticity  "  after-action,"  we  are  not 
thereby  rendered  much  wiser,  seeing  that  but  little  is  known  as  to  the 
intimate  nature  of  this  latter. 

II.  Idio-muscular  Contraction.  In  Tracing  iii.  PI.  xvi.  can  be 
seen  the  characteristic  form  of  this  contraction,  caused,  in  the  case  of  the 
ventricle  from  which  the  tracing  was  obtained,  by  the  action  of  digitalis. 
It  can  be  seen  that  the  ventricle  contracts  slowly  and  again  slowly 
expands.  In  cases  where  the  dose  of  digitalis  has  been  large,  the 
ventricle  remains  contracted,  and  we  have  the  well-known  "arrest  in 
systole"  of  the  "digitalis  heart."  That  this  slow  contraction  differs 
fundamentally  from  the  ordinary  systole  of  the  ventricle,  is  evident 
from  the  fact  that  ordinary  contractions  are  often  found  superposed 
upon  it,  as  in  the  tracing  (iii).  That  it  is  not  tetanus  is  equally  evident. 
The  molecular  change,  which  leads  to  its  appearance,  seems  to  differ  in 
nature  also  from  that  which  causes  the  "  contraction-remainder,"  as  can 
be  seen  from  the  fact  that  the  ventricle,  after  each  contraction,  expands 
rapidly,  and  often  assumes  at  once  a  more  dilated  position  than  existed 
immediately  before  the  systole.  This  form  of  contraction  in  the  case  of 
the  digitalis  heart  seems  to  have  more  of  a  toxicological  than  a  thera- 
peutic importance,  since,  in  frogs  to  which  the  drug  has  been  adminis- 
tered gradually  in  small  doses,  so  that  death  results  &om  chronic 
poisoning,  the  ventricle  is  usually  found  relaxed.  Of  the  various  drugs 
which  cause  it,  may  be  mentioned  Digitalin,  Digitalein,  Digitoxinf, 
Alcohol,  AtropinJ,  Helleborein,  Cionvallamarin  §,  Veratrin,  Antiarin, 
Caffein,  Rombi  poison  ||,  &c.  &c. 

It  is  also  met  with  occasionaUy  independent  of  the  action  of  drugs, 
as  has  been  observed  by  Rossbachl  in  the  case  of  ventricles  which 

*  Fick,  <'Ueber  d.  Aendemng  der  Elastidtat  des  Mnskels  wahiend  der  Zuckong." 
Pfliiger'B  Archiv,  Bd.  iv.  1871. 

t  Sohmiedeberg,  Archivf.  exp.  Path,  u,  Pfiarm.  Bd.  ui.  1874. 

X  Luciani,  L  c, 
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after  having  been  allowed  to  contract  for  some  time  without  renewal  of 
their  contents,  are  supplied  with  fresh  diluted  blood.  I  have  seen  it 
occur  three  or  four  times  under  these  conditions,  but  it  seems  probable 
that,  in  such  cases,  its  cause  is  to  be  sought  for  in  the  poisonous  action 
of  the  products  of  tissue  change  which  have  been  accumulating  in  the 
ventricle,  rather  than  in  the  stimulus  of  the  fresh  fluid  which  has  been 
supplied  immediately  before  its  appearance.  I  incline  to  this  view 
because,  when  the  idio-muscular  contraction  results  from  the 
action  of  digitalis,  it  not  unfrequently  first  appears  when  the  poisoned 
blood  is  replaced  by  fresh  unpoisoned  fluid,  as  occurred  in  the  case  of 
the  ventricle  from  which  the  tracing  (iii)  was  taken.  Where  the  dose 
of  the  poison  is  larger,  this  form  of  contraction  shews  itself  while  the 
drug  is  still  contained  in  the  cavity  of  the  organ. 

Schmiedeberg*,  in  treating  of  the  intimate  nature  of  the  "arrest 
in  systole "  of  the  "  digitalis  heart,"  gives  it  as  his  opinion  that  it  is 
caused  by  a  change  in  the  elasticity  of  the  muscular  wall  which,  vdthout 
diminishing  in  completeness,  has  become  greater.  As  to  whether  the 
elasticity  is  as  complete  as  it  is  normally,  is  a  point  very  difficult  to 
decide,  seeing  that  the  elasticity  changes  at  each  part  of  the  curve 
given  by  the  slowly  contracting  ventricle  wall,  and  on  that  account  it  is 
not  easy  to  see  how  the  completeness  of  the  elasticity  can  be  accurately 
measured.  The  fact  noticed  by  Schmiedeberg  himself,  viz.  that,  on 
distending  forcibly  a  heart  which  has  stopped  in  systole,  it  may,  the 
distending  force  having  ceased  to  act,  return  to  its  former  systolic  posi- 
tion only  after  having  contracted  and  expanded  several  times,  seems 
clearly  enough  to  indicate  that  the  elasticity  during  the  time  of  this 
contraction  is  anything  but  complete. 

During  the  time  when  this  idio-muscular  contraction  is  present 
I  have  found  that  the  elasticity  equivalent  of  the  ventricle  wall  is  in 
some  cases  diminished,  while  in  the  case  of  other  ventricles,  where  the 
proportion  of  digitalis-infusion  contained  in  the  fluid  supplied  to  the 
organ  was  larger,  it  was  usually  increased.  But  it  must  constantly  be 
remembered,  in  the  case  of  the  ventricular  muscle,  that  the  conditions 
under  which  its  elasticity  comes  into  play  are  by  no  means  the  same  as 
they  are  with  the  true  voluntary  muscles.  Where  the  dose  of  poison 
has  been  small,  and  the  idio-muscular  curve  which  is  described  by  the 
ventricle  is  not  very  high,  it  is  usual  to  find  that,  on  raising  the  intra- 
ventricular pressure — e.g,  from  20  cm.  to  30  cm.  (water) — the  resulting 

*  Schmiedeberg,  **Uober  die   Digitalinwirkong  am  Herzmoskel    dea    Frosohes." 
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increase  in  capacity  of  the  ventricle  is  greater  than  would  be  the  case 
with  the  normal  ventricle.  In  such  instances,  therefore,  the  elasticity 
is  diminished,  as  is  the  case  with  voluntary  muscles  in  the  contracted 
condition.  Where  the  dose  of  poison  has  been  relatively  larger,  and 
the  arrest  in  systole  has  occurred,  not  unfrequently  an  increase  in  the 
distending  pressure  by  10  cm. — e.g,  raising  it  from  20  cm.  to  30  cm. 
(water) — may  cause  but  a  very  slight  increase  in  the  ventricular 
capacity,  much  less  than  would  be  the  case  with  the  uncontracted 
organ.  Here  the  elasticity  is  increased.  If,  however,  with  a  ventricle 
in  this  condition,  we  go  on  gradually  raising  the  intra-cardiac  pressure, 
we  finally  arrive  at  a  point  where  a  given  increase  (10  cm.  for 
example)  of  the  distending  force  results  in  a  very  much  greater  dis- 
tension than  is  given  by  the  relaxed  organ  under  corresponding  con- 
ditions. The  peculiar  relations  which  the  elasticity  curve  of  the  con- 
tracted ventricle  bears  to  that  of  the  inactive  organ  will  be  noticed 
further  on,  when  the  influences  modifying  the  force  of  the  ventricular 
systole  come  to  be  considered. 

III.  Change  in  Elasticity  produced  by  Goltz's  Experi- 
ment.— Before  leaving  this  part  of  my  subject,  one  other  condition,  in 
which  the  elasticity  of  the  heart  has  become  modified,  may  be  shortly 
noticed.  I  refer  to  that  condition  of  the  ventricle  which  is  produced  by 
Goltz's*  experiment  of  forcible  distension.  Tracing  v.  PL  xvi.  is  in- 
tended to  illustrate  the  change  in  the  form  of  the  ventricle  curve  after 
such  sudden  temporary  raising  of  the  intra-ventricular  pressura  This 
change  is  always  the  same  in  principle,  whether  the  pressure  be  suddenly 
raised  and  again  lowered, or  whether  it  be  kept  raised  for  sometime.  It 
can  be  seen  from  the  tracing,  which  was  obtained  from  a  ventricle  in  which 
the  pressure,  both  before  and  after  the  distension,  was  the  same,  viz,  25 
cm.  (water),  that,  after  this  form  of  mechanical  stimulation,  both  systole 
and  diastole  are  less  complete,  the  force  of  the  individual  contractions 
having  diminished,  and  the  diastolic  capacity  being  reduced  by  reason 
of  the  slow  and  imperfect  expansion  of  the  organ.  In  this  case  the  rise 
in  pressure  was  produced  by  pinching  the  indiarubber  tube  passing 
from  the  reservoir  to  the  cannula,  and  the  degree  of  expansion  which 
resulted  can  be  learned  by  measuring  the  extent  to  which  the  point  of 
the  lever  descended.  Exactly  the  same  result  is  produced  by  suddenly 
raising  and  lowering  the  reservoir.      Speaking  generally,  it  may  be 

*  Goltz,  Virchow*8  Archiv,  Band  xxiii.  1868,  s.  493. 
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said  that,  caeteris  paribus,  the  degree  to  which  the  ventricular  capa- 
city is  diminished  is  in  direct  proportion  to  the  extent  to  -which  the 
intra-ventricular  pressure  has  been  raised,  and  in  inverse  proportion  to 
the  height  of  the  intra-cardiac  pressure  which  exists  after  the  dis- 
tension. The  rapidity  with  which  the  ventricle  returns  to  its  previous 
condition  after  this  experiment  seems  to  depend  greatly  upon  the  kind 
of  nutrient  fluid  supplied  to  the  organ,  the  rehabilitation  being  much 
more  rapidly  attained  with  diluted  blood  than  with  salt  solution  alone. 
A  form  of  curve  the  same  in  character,  though  usually  less  strongly 
marked,  is  often  seen  at  the  beginning  of  tracings  obtained  from  the 
isolated  ventricle,  and  resulting  evidently  from  the  sudden  increase  in 
the  intra-cardiac  pressure  during  diastole  to  which  the  organ  is  at  first 
subjected.  And  I  believe  that  the  "tetanus"  observed  by  Luciani^ 
and  carefully  described  by  him  as  resulting  from  the  application  of  a 
ligature  round  the  auricles,  was  really  caused  by  the  sudden  change  in 
the  intra- ventricular  pressure,  which,  on  connecting  the  cannula  with  the 
other  part  of  the  instrument  he  employed,  would  necessarily  be  more  or 
less  considerably  raised.  That  form  of  "tetanus*'  which  he  observed 
on  tying  a  second  ligature  round  the  auricles,  when  the  ventricle  was 
already  in  communication  with  the  manometer,  has  been  shewn  by 
Kroneckerf  to  have  been  really  due  to  the  faulty  instrument  which 
was  employed. 

In  none  of  the  tracings  which  I  possess  from  ventricles  which  have 
been  submitted  to  this  experiment  is  there  any  evidence  that  this 
gradual  change  in  the  diastolic  capacity  is  caused  by  an  active  con- 
traction, as  is  the  case  in  digitalis  heart ;  it  seems  to  be  produced  by  a 
purely  passive  change  in  the  elasticity  of  the  muscle,  resembling  in 
some  respects  that  which  causes  the  contraction-remainder.  With  the 
ventricle  from  which  Tracing  v.  was  taken  the  intra-cardiac  pressure 
before  and  after  the  distension  was  relatively  high  (25  cm.) ;  where, 
however,  the  pressure  is  low,  e,g.  4 — 5  cm.,  the  eflfect  of  the  experiment 
is  that  described  by  Prof.  Goltz,  viz.  a  "tetanic"  contraction  of  the 
muscular  wall  of  the  organ,  lasting  for  some  time.  As  Kronecker 
and  Stirling}  have  shewn,  though  it  is  the  nearest  approach  to  true 
tetanus  which  occurs  in  the  heart  muscle,  this  condition  does  not  cor- 
respond by  any  means  exactly  to  the  tetanus  of  voluntary  muscles. 

*  Lucinni,  /.  c, 
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II.    Influences  regulating  the  strength  of  the  Ventricular 

Contraction. 

The  important  results  obtained  by  Bowditch*  from  bis  experi- 
ments with  the  heart  apex  deserve  to  take  a  prominent  place  in 
treating  of  this  question,  and  the  following  quotatioA  from  his  paper 
can  scarcely  be  out  of  place  here.  He  writes,  p.  174,  "  The  weakest 
induction  current  which  causes  a  contraction  of  the  heart  does  not 
produce  a  correspondingly  weak  contraction,  nor  does  the  force  of  the 
latter  increase  until  an  insurmountable  maximum  is  reached,  when 
the  intensity  of  the  exciting  current  is  raised.  With  our  preparation 
(the  heart  apex)  an  induced  current  either  causes  a  contraction  or  it  is 
unable  to  do  so ;  and  in  the  former  case  it  produces  the  strongest  con- 
traction which  an  induction  current  of  whatever  strength  is  capable  of 
producing  at  the  given  time.  From  which  it  necessarily  follows  that 
the  reason  why  the  contractions  of  the  heart  apex  vary  in  force  is 
to  be  sought  for  in  the  variable  characteristics  of  the  muscular  fibres 
themselves." 

The  observations  of  Bowditch,  which  have  been  confirmed  and 
extended  by  Kronecker  and  Stirling,  relate  only  to  the  heart  apex; 
and  it  is  here  evidently  of  importance  to  learii  how  far  they  hold  good 
in  the  case  of  the  entire  ventiicle  contracting  rhythmically  under 
the  influence  of  its  own  automatic  nervous  mechanism.  The  force 
of  each  contraction,  it  need  scarcely  be  said,  is  calculated,  the  resistance 
remaining  equal,  by  the  quantity  of  fluid  which  the  heart  throws  out. 
Let  us  first  then  seek  to  learn  what  is  the  normal  force  of  the  systole 
when  the  ventricular  muscle  is  placed  under  the  most  favourable  pos- 
sible conditions.  The  degree  of  this  force,  in  a  fairly  typical  ventricle, 
can  be  learned  from  the  Tracing  ii.,  PI.  XVL,  or  better  still  from  the  chart 
Fig.  iv^,  PL  XV.,  which  has  already  been  referred  to  in  connection  with 
the  elasticity  of  the  relaxed  heart.  In  the  same  way  as  the  lower  of 
the  two  lines  on  the  chart  represents  the  elasticity  curve  of  the  inactive 
heart,  so  the  upper  line  gives  that  of  the  contracted  ventricle;  or,  in 
other  words,  the  extent  to  which  it  has  been  able  to  contract  against  re- 
sistances which  have  been  gradually  increased. 

The  first  thing  which  strikes  one  on  examining  such  a  chart  is,  that 
the  elasticity  of  the  contracted  ventricle  does  not  bear  the  same  relation 

*  Bowditoh,   **Ueber  Boizbarkeit  d.  Muskelfasem  des  Herzens.*'     Ludwig's  Ar^ 
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to  that  of  the  ventricle  during  diastole,  which  exists  between  the 
elasticity  curves  of  voluntary  muscle  in  the  contracted  and  relaxed 
conditions.  As  has  been  known  since  the  time  of  E.  Weber's  inves- 
tigations on  the  subject,  the  elasticity  equivalent  of  the  contracted  is 
less  than  that  of  the  inactive  voluntary  muscle.  From  the  chart  it  can 
be  seen  that  this  is  only  the  case  with  the  ventricular  wall  after  the 
intra-cardiac  pressure  has  reached  a  given  height — a  height  against 
which  the  heart  is  able  and  no  more  to  empty  itself  completely  at  each 
contraction,  and  which  it  need  hardly  be  added  varies  with  each  ven- 
tricle, and  with  the  more  or  less  favourable  conditions  under  which  it  is 
placed. 

In  the  case  of  the  ventricle  from  which  the  chart  was  taken  the 
heart  emptied  itself  completely  against  a  pressure  of  from  (f  up  to 
20  cm.,  and  the  systole  is  very  nearly  complete  up  to  40  cm.,  above 
which  pressure  the  quantity  of  fluid  thrown  out  at  each  contraction 
becomes  less  and  less.  The  relatively  large  diameter  of  the  cannula  must 
necessarily  place  the  heart  muscle  at  a  great  disadvantage  in  forcing  out 
the  last  part  of  its  contents,  and  on  that  account  we  are  entitled  to 
assume  that  the  systole  would  be  complete  in  the  living  animal  against 
a  higher  pressure  than  that  indicated  in  the  chart;  most  probably, 
judging  from  the  form  of  the  curve,  the  ventricle  in  question  would 
have  been  able,  had  this  disadvantage  been  removed,  to  empty  its 
cavity  completely  against  an  aortic  pressure  as  high  as  40  cm. 

In  this  ventricle,  then,  as  in  the  majority  of  those  which  I  have 
examined  on  this  point,  the  systole  is  practically  complete  against  a 
pressure  as  high  as  40  cm. ;  it  is  so  complete,  that  the  ventricle  has 
lost  entirely  its  red  colour  at  the  end  of  its  contraction.  In  the  obser- 
vations on  the  blood-pressure  in  the  capillaries  &c.  of  the  frog,  made  by 
Graham  Brown  and  myself*  during  the  course  of  last  winter,  it  was 
found  that  the  maximum  tension,  i,e.  the  pressure  at  the  summit  of  the 
pulse-wave,  in  the  arterioles  of  the  web  and  tongue  of  the  frog 
was,  in  the  great  majority  of  the  cases  in  which  it  was  measured  (over 
two  hundred),  equal  to  from  25  to  35  cm.  (water).  That  the  maximum 
pressure  in  the  arterioles  can  be  much  lower,  if  any,  than  the  medium 
aortic  pressure  is  highly  improbable.  When,  therefore,  we  find  that, 
even  after  being  removed  from  the  animal,  the  ventricle  is  able  to 
empty  itself  completely  against  a  pressure  of  40  cm.,  and  in  some  cases 
even  higher,  we  obtain  some  evidence  that  the  ventricle  under  normal 

•  Eoy  and  Brown,  Vorldufige  Mittheilung  in  Verhandl.  d.  physiolog,  Getellsch,  zu 
Berlin,  Feb.  15, 1878. 
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conditions,  in  the  living  animal,  empties  its  cavity  at  each  contraction — 
a  fact  which,  although  it  is  pretty  generally  accepted,  has  heen  found 
by  no  means  easy  of  proof. 

Among  the  influences  which  modify  the  force  of  the  heart's  contrac- 
tions, a  foremost  place  is  necessarily  taken  by  the  nutrition  supplied 
to  the  ventricular  muscle,  and  its  degree  of  fatigue.  The  action  of 
these  influences  has  been  so  carefully  investigated  by  Kronecker*, 
Merunowicz-f",  GauleJ,  &c.,  that  there  is  no  need  to  dwell  upon  it 
here,  and  I  have  only  a  word  to  say  on  the  subject.  As  is  well  known, 
on  supplying  a  ventricle  with  simple  chemically  pure  salt  solution, 
after  it  has  been  contracting  for  some  time  with  diluted  blood,  the  con- 
tractions at  once  diminish  in  force.  This  diminution  in  force  affects 
the  quantity  of  fluid  thrown  out  at  each  systole,  however,  only  when 
the  resistance  offered  to  the  contraction  is  not  too  slight.  For  ex- 
ample, if,  in  the  case  of  a  ventricle  which  we  have  found,  by  direct 
experiment,  to  be  able,  with  diluted  blood,  to  empty  its  cavity  com- 
pletely at  each  contraction  against  a  pressure  of  35 — 45  cm.  (which  I  have 
found  a  fair  average  for  winter-frogs),  we  lower  the  pressure  to  15  cm., 
and  then  replace  the  diluted  blood  with  simple  salt  solution,  we  do  not 
find,  at  first,  any  evident  diminution  in  the  force  of  the  ventricular  con- 
tractions. It  is  only  after  a  certain  time  has  passed,  that  the  weakening 
of  the  systole,  which  has  undoubtedly  at  once  occurred,  becomes  evi- 
dent, for  it  is  only  when  it  is  contracting  against  a  certain  resistance 
that  a  diminution  of  the  quantity  of  fluid  thrown  out  results  from  a 
decrease  in  the  force  of  the  contraction.  We  see  thus  illustrated  the 
view  expressed  by  Nuel§  (although  it  foUows  as  a  matter  of  course  if 
Bowditch's  observations  be  accepted  as  applying  to  the  heart  in 
normal  conditions)  that  the  ventricle,  in  the  living  animal,  probably 
contracts  much  more  strongly  than  is  necessary  to  empty  its  cavity 
completely. 

One  element,  which  plays  a  part  of  considerable  practical  impor- 
tance in  modifying  the  force  of  the  contractions,  is  the  rapidity  of  the 
heart's  rhythm,  and  an  examination  of  the  influence  of  this  factor  on 

*  Eronecker,  L  c, 

t  Mernnowioz,  ''Ueber  d.  chemischen  Bedingongen  f.  d.  Entstehnng  des  Herz- 
Bchlages,*'  Ludwig's  Arheiteny  1875. 

X  Gaule,  **Die  Leistongen  des  entbluteten  Frosohherzens,''  Jrchiv  /.  Anai,  ti. 
Physiol.,  1878. 

§  Nuel,  <*Over  den  Invloed  yan  Vagnsprikkeling  op  de  Hartsoontraoties  bij  den 
KikYorsch/'  in  Onderzoehingen  gedaan  in  het  phytiolog.  Laborat,  der  UtreehUehe  Hooge- 
school,  Derde  Beeks  u. 
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the  force  of  the  systole,  seems  best  suited  to  shew  how  far  Bow- 
ditch's  observations  are  applicable  to  the  ventricle  ligatured  above 
the  sulcus. 

Bowditch*  and  Kronecker  and  Stirling^  have  shewn,  that 
if,  after  a  long  pause  of  inactivity,  the  heart-apex  be  stimulated  rhyth- 
mically by  single  induction  shocks,  its  contractions,  at  first  weak,  be- 
come stronger  with  each  successive  beat,  in  such  a  way  that  the  curve 
commences  with  an  ascending  scale — the  aufsteigende  Treppe  of 
Bowditch. 

This  form  of  curve  is  also  encountered  veiy  frequently,  after  a  pause 
of  sufficient  length,  in  the  case  of  the  entire  ventricle,  and  the  effect  of 
the  inactivity,  in  lessening  the  force  of  the  contractions,  is  rendered 
still  more  evident  when  simple  salt  solution  has  been  used  to  feed  the 
heart.  In  the  great  majority  of  the  tracings  which  I  possess,  whejre 
an  ascending  scale  of  contractions  follows  a  period  of  inactivity,  I  find 
that  the  contraction-remainder  is  also  exaggerated,  and  the  cause  of 
both  of  these  appears  to  me  to  be  the  same,  viz.  a  diminished  motility 
of  the  muscle  plasma — a  molecular  change  which  offers  a  resistance  not 
only  to  expansion  but  also  to  contraction. 

As  to  the  question  why  this  resistance  disappears  gradually  with 
each  successive  beat,  the  view  brought  forward  by  Kronecker  seems 
best  fitted  to  give  a  satisfactory  answer.  The  theory  which  he  has 
enunciated  is,  that  the  ascending  scale  of  beats  has  its  cause  in  the 
imperfect  nutrition  which  he  believes  to  take  place  during  the  pause, 
and  to  which  the  contracting  heart  is  not  exposed,  seeing  that  the 
recurring  systoles  constantly  renew  the  layer  of  fluid  which  is  in  im- 
mediate contact  with  the  ventricular  wall. 

Whatever  be  the  intimate  nature  and  the  cause  of  it,  it  is  certain 
that  too  long  a  period  of  rest  between  the  individual  beats  results  in  a 
diminution  of  their  force.  On  the  other  hand,  too  quick  a  rhythm  also 
results  in  a  weakening  of  the  ventricular  contractions, — a  fact  which  is 
pretty  generally  recognised,  and  need  not  therefore  be  illustrated  by 
any  special  tracing.  Bowditch  has  attempted  to  find  the  exact  length 
of  the  interval  between  the  beats  which  is  best  suited  to  give  the 
strongest  contractions,  and  his  observations  lead  him  to  conclude  that 
these  are  obtained  in  the  case  of  the  heart  apex,  supplied  with  pure 
serum,  when  the  interval  lasts  from  4  to  5  sees.  My  own  experiments, 
which  necessarily,  from  the  nature  of  the  circumstances,  are  not  so 
exact  as  those  of  Bowditch,  seem  to  shew  that,  with  the  ventricle,  con- 

*  Bowditch,  I.e.  t  Kronecker  taid  Stirling,  L  e. 
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tracting  under  the  influence  of  its  own  automatic  nervous  mechanism, 
and  supplied  with  diluted  blood,  the  rate  of  beat  giving  the  strongest 
contractions  is,  with  the  freshly  removed  heart,  somewhere  about  20 
per  min.,  which  would  give  a  somewhat  shorter  interval  than  that 
found  by  Bowditch.  In  the  case  of  fatigued  ventricles,  or  where  the 
nutrition  supplied  is  insufficient,  a  much  longer  interval  is  required  to 
give  the  maximum  contractions  of  the  muscular  wall. 

The  various  forms  of  irregularity,  which  are  so  frequently  encoun- 
tered in  tracings  from  the  isolated  ventricle,  have  seemed  to  me  to 
give  the  best  means  of  testing  the  influence  of  the  rate  of  beat  on  the 
force  of  the  contractions ;  and  it  is  from  a  careful  examination  of  such 
tracings  that  I  have  been  led  to  the  conclusions  given  above.  My 
observations  on  the  entire  ventricle  confirm  fully,  therefore,  those  of 
Bowditch  on  the  heart  apex. 

As  the  relation  between  the  rate  of  rhythm  and  the  force  of  the 
contractions  appears  to  me  to  have  some  interest  in  connection  with 
the  clinical  diagnosis  in  cases  of  irregularity,  I  may  be  permitted  to  make 
a  short  digression  here.  The  tracings  viiL  a.  and  viii.  6.  PL  xvi.  shew 
each  a  bigeminal  beat,  which  may  be  taken  as  one  of  the  most  typical 
forms  of  irregularity.  These  tracings  are  both  from  the  same  ventricle, 
the  one  being  taken  a  few  minutes  after  the  other,  the  conditions 
under  which  they  were  obtained  being  the  same  in  both,  with  one 
exception,  viz,^  that  in  viii.  a,  the  pressure  against  which  the  heart 
contracted  (15  cm.)  was  lower  than  in  the  case  of  viii.  6.,  where  it  was 
35  cm.  With  the  low  resistance  it  can  be  seen  that  the  quantity 
of  blood  thrown  out  on  contraction  was  the  same  in  both  of  the  twin 
beats,  the  ventricle  having  emptied  itself  completely  with  each,  while 
with  the  higher  pressure  the  second  beat  is  considerably  less  effective 
than  the  first.  After  what  has  been  said  above,  it  need  not  be  insisted 
upon  that,  in  the  case  of  both  tracings  the  second  beat  was  weaker 
than  the  first,  and  that,  if  in  viii.  a.  the  quantity  of  blood  thrown  out 
by  each  of  the  twin  systoles  is  equal,  it  is  only  because  the  second 
contraction,  though  weaker  than  the  first,  was  still  strong  enough  to 
empty  the  ventricle  completely  against  the  comparatively  slight  resist- 
ance opposed  to  it. 

There  is,  as  has  already  been  remarked,  no  reason  for  believing 
that  the  heart  in  the  living  healthy  body  contracts  against  an  aortic 
tension  which  it  is  just  able  to  overcome  and  no  more;  there  are,  in- 
deed, plenty  of  reasons  for  assuming  that  the  power  of  the  heart  is, 
under  normal  circumstances,  considerably  greater  than  is  required  to 
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complete  its  systole.  And,  in  such  a  case,  the  occurrence  of  a  bige- 
minal, or  other  form  of  irregular  rhythm,  need  not  cause,  at  the  same 
time,  a  difference  in  the  quantity  of  blood  thrown  out  by  the  individual 
contractions;  since,  though  some  would  undoubtedly  be  weaker  than 
the  others,  they  might  still  be  strong  enough,  as  in  the  tracing  viii.  a., 
to  empty  the  ventricle  completely.  This  is  exemplified  by  the  forms  of 
irregularity  which  result  from  the  presence  of  certain  kinds  of  "  cerebral 
mischief,"  in  which  the  aortic  pressure  is  not  raised,  nor  the  power  of 
the  heart  weakened.  In  sphygmograms  from  such  cases,  shewing,  e.  g. 
the  bigeminal  rhythm,  it  can  often  be  seen,  that  the  force  of  the  two 
beats,  as  represented  at  the  radial,  is  the  same  or  nearly  the  same,  in- 
dicating that  the  quantity  of  blood  thrown  out  by  the  second  of  each 
of  the  twin  beats  has  not  been  much,  if  any,  less  than  that  sent  out  by 
the  first. 

It  is  otherwise,  however,  in  cases  of  heart  disease,  where  the  power 
of  the  heart  has  diminished  relatively  or  absolutely  (I  refer  here  chiefly 
to  non-valvular  diseases),  so  that  it  is  no  longer  greater  than  is  required 
to  empty  the  heart,  and.  where,  indeed,  in  advanced  cases,  it  is  notably 
less.  And  when,  in  such  circumstances,  irregularity  appears — ^for  ex- 
ample, the  bigeminal  rhythm — the  quantity  of  blood  thrown  out  by 
each  of  the  twin  contractions  will  differ  greatly.  As  Marey*  has 
shewn,  the  second  beat  may  be  so  much  weaker  than  the  first,  that  the 
intra-ventricular  pressure  may  not  be  raised  enough  to  open  the  aortic 
valves,  causing  thus  intermittence  of  the  pulse,  unaccompanied  by  inter- 
mittence  of  the  apex  beat. 

Assuming  that  the  above  views  are  correct,  the  conclusion  may  be 
drawn — That  when,  in  cases  of  disease,  irregularity  of  rhythm 
is  present  without  corresponding  irregularity  in  the  force  of 
the  contractions,  as  judged  by  the  height  of  the  sphygmo- 
graphic  tracings,  we  may  take  it  that  the  heart's  power  is 
greater  than  is  required  for  it  to  contract  completely  with  a 
regular  rhythm  against  the  aortic  pressure  which  existed  at 
the  time  the  tracing  was  taken,  and  that,  therefore,  the  heart 
muscle  is  probably  not  the  seat  of  disease. 

In  the  foregoing  pages  it  has  been  sought  to  shew  that,  with  the 
entire  ventricle,  each  stimulation  from  the  automatic  centre  results  in  as 
strong  a  contraction  of  the  ventricle  as  its  muscular  wall  is  capable  of 
performing  at  the  given  time.  In  Tracing  vi.  PI.  XVI.  a  form  of  irregu- 
larity may  be  seen,  which  might  lead  to  doubts  being  cast  on  the  gene- 

•  Marey,  Travaux  du  Laboratoire,  1876. 
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ral  applicability  of  this.  This  tracing  was,  however,  obtained  from  a 
ventricle  which  had  been  poisoned  by  the  addition  of  small  quantities  of 
alcohol  to  the  blood  which  was  supplied  to  it,  and  the  anomalous  re- 
lation between  the  rhythm  and  the  force  of  the  beats  seems  due  to  a 
molecular  change  in  the  muscle  plasma,  whereby  its  elasticity  and 
contractility  may  be  modified  by  each  successive  contraction.  Where 
the  dose  of  alcohol  is  larger,  such  bizarre  curves  may  be  obtained  as  are 
illustrated  by  Tracing  vii. 


III.    The  Rhythm  of  the  Isolated  Ventricle. 

When  the  auricle  is  ligatured  as  in  Stannius'  experiment,  and  no 
blood  is  introduced  into  the  ventricular  cavity,  the  ventricle,  as  is  well 
known,  remains  for  a  longer  or  shorter  period  at  rest.  When,  however, 
the  auricles  are  ligatured  round  a  cannula,  through  which  blood,  serum, 
or  other  appropriate  fluid,  is  allowed  to  pass  into  the  cavity  of  the  ven- 
tricle, the  latter  pulsates  more  or  less  regularly.  The  effect  of  the  kind 
of  fluid  used  is  known  from  the  observations  of  Luciani,  Tlossbach*, 
Gaule,  &c.,  and  it  may  be  summed  up  in  a  few  words. 

With  salt  solution,  the  rhythm  during  the  groups  is  very  slow,  and 
the  pauses  between  the  latter  long.  With  serum,  the  beats  come  more 
rapidly,  and  the  groups  are  separated  by  shorter  intervals ;  while  with 
diluted  blood,  the  rhythm  is  still  more  rapid,  and  the  pauses  shorter. 

The  diluted  blood,  then,  acts  as  a  stimulant,  exciting  the  reflex 
nervous  mechanism  of  the  ventricle. 

The  question,  as  to  whether  the  grouping  be  due  to  a  rhythmic 
inhibition  of  the  reflex  centre,  or  to  rhythmic  rise  and  fall  in  its  excita- 
bility, is  more  diflBcult;  but  there  are  a  few  facts  which  seem  to  point  to 
the  latter  view.  Of  these,  one  is  the  influence  of  atropin  on  the  groups, 
although  there  is  still  some  doubt  as  to  the  truth  of  the  theory  of 
Schmiedeberg,  that  atropin  paralyses  the  cardiac  nerve  endings  of  the 
vagus.  However  it  be,  atropin  certainly  has  not  the  power  of  arresting 
the  formation  of  the  groups.  I  possess  many  tracings  where  atropin 
hearts  have  given  typical  groups,  even  though  the  drug  has  seriously 

*  That  BoBsbach  (I.  c.)  was  mistaken  in  supposing  that  the  serum  used  by  Luciani 
was  the  cause  of  the  peculiar  rhythm  first  described  by  the  latter,  has  been  shewn  by 
Luciani  himself,  RUposta  del  Prof.  Lrteiani  alia  critica  sperimentaUf  <£«.,  Bologna,  1876; 
and  in  my  own  experiments  the  groupings  shewed  themselyes,  in  ahnost  ereiy  case,  both 
where  pure  defibrinated  blood  was  used  and  with  diluted  blood. 
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weakened  the  force  of  the  ventricular  contractions.  Another  fact,  which 
speaks  against  the  view  that  these  groups  result  from  a  rhythmic  inhi- 
bition, is,  that  localized  stimulation  of  the  sulcus,  by  means  of  weak 
interrupted  currents,  never  produces  slowing  or  arrest  of  the  beats,  but 
invariably  the  opposite  effect.  I  have  again  and  again  stimulated  thus 
successively  every  half  millimeter  of  the  sulcus,  but  evidence  of  the 
presence  of  inhibitory  nervous  elements  has  never  been  obtained. 

The  influence  of  changes  in  the  intra-ventricular  pressure  on  the 
rhythm  of  the  ventricle  may  be  briefly  alluded  to  before  leaving  this 
subject.  The  effect  of  increased  aortic  pressure,  imitated,  in  the  case 
of  the  preparation  I  have  used,  by  closing  the  tubes  connecting  the  re- 
servoirs to  the  cannula,  so  that  the  ventricle  was  unable  to  evacuate  its 
contents,  has  always  been  nil.  The  same  may  be  said  for  most  of  the 
cases  w^here  the  diastolic  pressure  has  been  changed,  although  in  two  or 
three  cases  a  sudden  increase  in  rapidity  has  resulted  on  raising  sud- 
denly the  reservoirs  which  regulate  the  pressure  within  the  ventricle. 
Why,  in  one  case,  change  in  the  intra-cardiac  pressure  causes  a  change 
in  rhythm,  and  in  another  not,  I  have  no  means  of  knowing. 


SECTION   II. 
The  ISOT.ATED  Auricles. 

In  considering  the  characteristics  of  the  isolated  ventricle,  the  pro- 
perties of  the  muscle  were  first  noticed,  the  elasticity  of  the  latter 
receiving  special  attention.  In  the  case  of  the  auricles,  however,  the 
diflBculties  which  stand  in  the  way  of  obtaining  anything  like  exact 
data  as  to  the  elasticity  of  their  walls,  are  very  much  greater  than  with 
the  ventricle.  These  difficulties  arise,  not  only  from  the  greater  deli- 
cacy of  the  auricular  wall,  and  the  readiness  with  which  it  allows  fluid 
to  transude,  but  they  are  also  due  to  the  fact,  that  the  elasticity  of  the 
wall  of  the  auricle  is  apparently  under  the  direct  control  of  the  nervous 
system.  For  these  reasons  it  has  been  impossible  for  me,  as  yet^  to 
construct  a  curve,  capable  of  being  applied  generally,  of  the  elasticity  of 
the  auricular  wall,  such  as  has  been  given  for  that  of  the  ventricle. 
Without  pretending  to  anything  more  than  approximate  accuracy,  it 
may  be  said  that  the  auricles  are  relatively  most  distensible  with  an 
intra-auricular  pressure  varying  from  0®  to  3  cm.  (water).    As  to  the 
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perfection  of  the  elasticity,  and  the  extent  to  which  the  latter  may  be 
modified  by  the  "  contraction-remainder,"  &c.,  I  possess  no  trustworthy 
data,  and  do  not,  on  that  account,  care  to  dwell  upon  the  matter  here, 
and  the  more  so  that  I  hope  to  return  to  the  subject  in  a  future  com- 
munication, after  having  studied  it  more  fully  with  the  help  of  another 
method  of  enquiry. 

As  the  chief  interest  in  connection  with  the  action  of  the  auricles 
seemed  to  lie  in  the  part  played  by  the  nervous  mechanism,  most  of 
the  observations  were  intended  to  elucidate  that  point.  The  method 
adopted  was  that  of  stimulating  locally  various  parts  of  the  wall  of  the 
auricles  by  the  induced  cuuent,  with  the  view  of  exciting  the  nerve 
centres  which  are  situated  there.  The  very  first  experiment,  made  in 
this  way,  shewed  that  the  force  of  the  contractions  is  capable  of  being 
influenced  by  the  nervous  system,  and  that,  therefore,  Bowditch's  law, 
which  was  found  applicable  to  the  entire  ventricle,  could  not  be  ex- 
tended to  the  auricles  as  well. 

The  attempt  has  been  made,  by  this  means  of  local  stimulation,  and 
with  a  certain  measure  of  success,  to  find  whether  evidence  could  be 
obtained  of  a  difference  in  function  of  the  nervous  ganglia  which  are 
situated  in  different  parts  of  the  wall  of  the  auricles  and  of  the 
sinus  venosus. 

It  is  not  intended,  however,  to  enter  here  minutely  into  this  ques- 
tion of  localization  of  function,  nor  even  to  attempt  to  prove  that  such 
really  exists,  and  I  take  this  course,  partly  because  my  observations  on 
the  subject  are  not  yet  so  complete  as  is  desirable,  and  partly  because 
the  consideration  of  a  question  surrounded  with  so  many  difficulties 
would  make  this  paper  (already  too  long)  of  an  unwieldy  length.  It 
will  only  be  attempted  to  shew  what  the  functions  are,  which  these 
nerve  elements  are  capable  of  performing,  without  entering  into  the 
question  of  localization.  In  all  the  tracings  from  the  auricles  or  auricle, 
which  accompany  this  paper,  (Tracings  ix.  to  xxi.  PL  xvn.),  the  figures 
on  the  abscissa  relate,  not  to  the  height  of  the  intra-cardiac  pressure, 
but  to  the  strength  of  current  employed  to  stimulate  the  auricular  wall, 
as  already  mentioned  under  the  head  of  the  methods  used.  The  mark  0 
indicates  that  the  secondary  coil  was  pushed  fully  up  over  the  primary, 
and  the  numbers  express  the  distance  of  the  one  from  the  other,  each 
number  being  written  very  carefully  at  the  point  where  the  stimulation 
began,  or  where  it  was  changed  in  strength.  The  sign  —  indicates  that 
the  electric  stimulation  was  stopped  completely  at  the  moment  corre- 
sponding to  the  part  of  the  tracing  lying  immediately  above  it. 
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The  height  of  the  intra-auricular  pressure  varied  slightly  in  the  dif- 
ferent auricles,  that  pressure  being  usually  chosen  at  which  the  largest 
quantity  of  fluid  was  thrown  out  by  each  contraction.  Whatever  the 
pressure,  it  was  always,  in  any  given  auricle,  kept  at  the  same  height 
durinsr  the  time  of  observation,  and  the  utmost  care  was  taken  that  a 
free  current  of  diluted  blood  should  pass  continuously  through  the 
auricular  cavity.  ITiese  two  points  are  readily  attained  by  using  a  con- 
siderable quantity  of  diluted  blood,  so  that  very  wide  reservoirs  may  be 
employed.  In  this  way,  a  good  deal  of  fluid  may  pass  from  one  reser- 
voir to  the  other,  through  the  heart,  without  causing  any  great  change 
in  the  level  of  the  fluid  in  the  reservoirs.  This  latter  was,  moreover, 
kept  as  nearly  as  possible  constant,  by  frequently  transferring  small 
quantities  of  the  diluted  blood  from  the  lower  to  the  upper  vessel. 
The  tracings  from  the  auricles  were  taken  with  the  same  rate  of  move- 
ment of  the  cylinder  as  were  those  illustrating  the  action  of  the  ven- 
tricle, and  they  must,  as  well  as  the  ventricular  curves,  be  read  from 
right  to  left. 

I  have  not  thought  it  necessary  to  give  a  tracing  of  the  action  of  the 
normal  auricle,  since  several  of  the  tracings  which  are  given  shew  what 
is  the  normal  curve  at  those  parts  where  they  have  not  been  under  the 
influence  of  electric  stimulation,  or  where  that  stimulation  has  been 
very  weak.  For  example,  the  first  parts  of  Figures  ix.,  x.,  xiv.,  xv.,  xvi, 
&c.,  shew  the  kind  of  tracing  obtained  from  the  isolated  auricles  where 
stimulation  is  not  employed.  From  these  it  can  be  seen,  that  the 
rhythm  is  regular,  and  the  force  of  the  contractions  equal,  and  that 
the  rate  of  beat  is  much  more  rapid  than  is  the  case  with  the  isolated 
ventricle.  In  almost  all  of  the  curves  represented  on  Plate  xvii. 
moreover,  a  certain  amount  of  "contraction-remainder"  is  evidently 
present 

Turning  to  notice  the  effect  of  localized  stimulation  of  the  auricle 
wall.  Fig.  ix.  may  be  referred  to,  as  illustrating  one  of  the  results  which 
are  most  frequently  encountered,  on  passing  a  weak  induced  current 
through  a  portion  of  the  auricular  wall.  It  can  be  seen  that,  when  the 
secondary  coil  was  placed  at  8  centimeters  distance  from  the  position 
where  it  covers  the  primary  coil  completely,  the  auricular  contractions 
became  weaker,  while  the  rate  of  beat  remained  the  same,  or  very 
nearly  the  same.  On  pushing  the  secondary  coil  to  7  cm.  distance  from 
the  beginning  of  the  scale,  the  contractions  became  still  weaker,  and 
the  interval  between  the  beats  was  somewhat  lengthened.  On  in- 
creasing the  strength  of  the  current  gradually  the  same  effects  became 
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more  and  more  marked.     On  ceasing  the  stimulation  at  —  the  contrac- 
tions quickly  became  stronger,  and  the  rhythm  more  rapid. 

In  Fig.  X.,  which  is  taken  from  the  same  preparation,  the  place  of 
stimulation  only  being  different,  a  different  effect  is  found  to  be  pro 
duced.  In  this  tracing,  it  is  the  force  of  the  contractions  alone  which  is 
inhibited,  the  rhythm  remaining  practically  unchanged  throughout. 
On  commencing  the  stimulation,  with  the  secondary  coil  at  12  cm. 
distance  from  the  position  where  the  induced  current  is  strongest,  it  can 
be  seen  that  the  effect  on  the  auricle  was  nil;  at  10  cm.,  the  effect  was 
very  slight;  while  on  pushing  the  secondary  coil  up  to  8  cm.,  a  marked 
weakening  in  the  force  of  the  contractions  at  once  resulted.  These 
latter  became  immediately  afterwards  a  little  more  powerful,  although 
the  current  remained  of  the  same  strength.  At  7  cm.  the  same  effect 
was  repeated,  the  weakening  being  this  time  more  marked.  At  6,  and 
at  5  cm.,  it  is  still  more  evident,  while  on  drawing  back  the  secondary 
coil  again  to  12  cm.  the  contractions  at  once  became  stronger,  and  on 
ceasing  the  stimulation  at  —  they  attained  the  same  height  as  at  the 
beginning  of  the  tracing. 

In  Fig.  xi.,  which  is  taken  from  only  one  auricle,  a  different  kind  of 
action  is  seen.  In  this  tracing  stimulation  caused  a  slowing  of  the 
rhythm,  and  an  increase  in  the  force  of  the  individual  con- 
tractions. The  same  effect  can  be  seen  in  Fig.  xiL,  which  was  ob- 
tained also  from  a  single  auricle. 

In  Fig.  xvi.,  another  result  of  localized  excitation  is  illustrated.  We 
here  find  a  curious  mixture  of  acceleration  and  of  inhibition — a  combi- 
nation which,  it  may  be  added,  is  by  no  means  rarely  met  with.  Near 
the  beginning  of  the  tracing  acceleration  of  the  rhythm  and  weakening 
of  the  beats  are  at  first  obtained.  This  suddenly  gives  way  to  slowing 
of  the  rhythm,  after  the  secondary  coil  has  stood  for  a  short  time  at 
3  cm.  On  pushing  it  up  to  2  cm.,  we  obtain  a  marked  acceleration,  fol- 
lowed, on  the  current  being  stopped,  by  a  short  pause,  after  which  the 
auricles  continue  to  contract  in  much  the  same  way  as  at  the  com- 
mencement of  the  tracing.  On  again  stimulating,  at  the  same  part  of 
the  auricle  wall,  and  with  the  sec.  coil  still  at  2  cm.,  we  see,  at  first,  a 
slow  rhythm  with  weakened  contractions  result,  which  passes,  however, 
into  an  accelerated  rhythm,  although  the  conditions  to  all  appearance 
remained  unchanged;  and  the  same  result  again  follows  on  repeating 
the  experiment,  as  can  be  seen  towards  the  end  of  the  tracing.  In 
Fig.  xiii.  an  effect  is  illustrated,  resembling  in  many  respects  that  shewn 
in  Fig.  ix.,  but  differing  from  it  in  detail. 

PH.  I.  "^V 
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In  Fig.  xiv.  again,  we  have  an  effect  of  another  kind  Here,  ac- 
celeration of  the  rhythm  is  the  chief  result  of  the  stimulation.  In  this 
tracing  it  may  be  observed  that,  with  the  sec.  coil  at  3  cm.,  an  accele- 
rated rhythm  alternated  with  a  slower  rate  of  beat;  while,  at  2  cm.,  the 
contractions  follow  one  another  so  rapidly  that  the  auricles  had  not 
time  between  the  individual  beats  to  expand  to  anything  approaching 
near  to  their  former  diastolic  position*  The  same  accelerating  action  is 
illustrated  by  Fig.  xv. 

When  certain  parts  of  the  auricular  wall  are  stimulated,  acceleration 
alone  is  produced,  while  stimulation  of  other  parts  invariably  results 
in  inhibition,  and,  after  a  little  experience,  one  is  able  to  place  the 
electrode  so  as  to  obtain,  at  will,  either  slowing  or  quickening  of  the 
rhythm.  As  has,  however,  been  illustrated  by  the  tracings  above  re- 
ferred to,  slowing  or  quickening  of  the  rate  of  beat  may  occur  inde- 
pendently of  any  change  in  the  force  of  the  contractions,  and,  vice  versa, 
the  force  of  the  contractions  may  be  modified  without  any  accompany- 
ing change  in  the  rhythm. 

It  has  been  remarked,  that  the  elasticity  of  the  auricular  wall  is 
apparently  under  the  direct  control  of  the  nervous  system,  and  Fig. 
xvii.,  xviiL,  xix.,  and  xx.,  are  intended  to  illustrate  this  fact. 

In  Fig.  xviL  can  be  seen  a  curious  combination  of  efiects  resulting 
from  localized  stimulation.  At  first,  the  rhythm  becomes  slower  and 
the  contractions  more  feeble,  while  at  the  same  time  the  auricle  gradu- 
ally expands.  With  a  stronger  current,  the  contractions  become  still 
weaker,  while  the  beats  follow  one  another  more  rapidly,  and  the  auri- 
cular capacity  becomes  still  greater.  On  ceasing  the  stimulation,  the 
auricle  returns  to  the  same  condition  as  it  presented  before  commencing 
the  excitation.  The  same  result  of  stimulation  is  seen  towards  the  end 
of  the  tracing. 

In  Fig.  xviii.,  which  is  taken  also  from  a  single  auricle,  the  same 
slowing,  weakening,  and  dilatation  result  from  the  excitation.  I  at 
first  supposed,  that  this  change  in  the  capacity  of  the  auricle  was  due  to 
a  local  paralysis  of  the  auricular  wall  at  the  point  stimulated,  such  as 
has  been  described  by  Schiff,  Rossbach,  and  others,  in  the  case  of 
the  ventricle,  as  resulting  from  mechanical  and  other  forms  of  excita- 
tion applied  locally.  Careful  examination,  however,  led  me  to  reject 
this  view,  for  no  change  of  colour  can  be  seen  at  the  place  where  the 
electrode  is  applied  in  these  cases,  and  moreover,  one  not  unfrequently 
obtains  curves  where  this  increase  in  capacity  of  the  auricle  is  unac- 
companied by  any  weakening  of  the  contractions,  such  as  would  neces- 
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sarily  be  the  case  were  it  due  to  a  local  paralysis.  Such  a  curve  is 
represented  by  Fig.  zix.,  where  the  change  in  the  capacity  is  unaccom- 
panied by  a  change,  either  of  rhythm,  or  of  the  force  of  the  contractions. 
It  should  be  mentioned,  that  this  change  in  capacity,  which  not  infre- 
quently results  from  stimulation  of  certain  parts  of  the  auricular  wall, 
is  very  much  influenced  by  the  nutrition  supplied  to  the  organ.  Where 
this  is  good  in  quality,  and  where  a  free  current  is  kept  up  through  the 
auricular  cavity,  the  auricle  expands  much  more  readily  on  the  stimu- 
lation being  commenced,  and  resumes  its  former  capacity  much  more 
rapidly  on  the  stimulation  being  brought  to  an  end. 

Fig.  XX.  is  given  as  an  illustration  of  another  of  the  numberless  com- 
binations of  effects  which  result  from  localized  excitation.  Here,  at 
different  parts  of  the  tracing,  can  be  seen  both  slowing  and  acceleration 
of  the  rhythm,  inhibition  of  the  force  of  the  contractions,  and  increase 
in  capacity  of  the  relaxed  auricle. 

These  tracings  will  suffice  to  shew  how  different  are  the  properties 
of  the  isolated  auricles  from  those  of  the  ventricle.  As  has  been  said, 
I  have  seen  reason  for  believing,  from  these  observations,  that  the  dif- 
ferent groups  of  nerve-cells,  situated  at  various  parts  of  the  walls  of  the 
sinus  venosiLSy  auricles,  and  auricular  septum,  are  endowed  with  different 
functions,  and  I  hope  soon  to  be  able  to  treat  of  this  subject  more  fully. 
The  actions  of  these  different  centres  combine,  in  normal  circumstances, 
to  give  a  regular  rhythm  to  the  heart's  contractions.  I  have  made  a 
few  observations  on  the  relative  irritability  of  two  centres  having  an- 
tagonistic properties,  and  have  found  that  seemingly  the  accelerating 
or  reflex  centres  are  the  most  powerful,  i.e.  their  action  usually  predo- 
minated when  both  an  accelerating  and  an  inhibiting  part  of  the  auricle 
wall  were  stimulated  at  the  same  time  with  the  same  strength  of  cur- 
rent. There  are,  however,  so  many  possible  causes  of  error  present  in 
experiments  of  this  kind,  that  the  greatest  caution  must  be  exercised 
in  drawing  conclusions  from  them. 

One  effect,  however,  of  stimulating  two  parts  of  the  auricular  wall 
at  the  same  time  may  be  referred  to,  viz.  the  not  infrequent  appearance 
of  various  forms  of  irregularity. 

An  example  of  this  is  seen  in  Fig.  xxi,  which  was  obtained  from 
the  isolat<ed  auricles  of  a  frog  which  were  stimulated  at  two  points, — 
one,  near  the  margin  of  the  sinus  venosus,  on  the  posterior  aspect  of  the 
heart,  close  to  the  insertion  of  the  septum  auricuiorum,  and  the  other, 
at  the  auriculo- ventricular  sulcus,  near  the  aortic  bulb  (Munks'  gan- 
glion).    The  tracing  shews  groups,  each  formed  of  three  beats,  and 
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arranged  together  in  such  a  way  as  to  produce  secondary  groups  also 
made  up  of  threes,  constituting  thus  a  complex  form  of  irregularity  of 
rhythm.  In  a  paper  published  by  me  in  the  Edinburgh  Medical  Journal 
for  this  year  (Jan.  number),  it  will  be  found  stated,  that  certain  regular 
forms  of  irregularity  of  the  heart  may,  very  probably,  be  due  to  an 
"  interference"  of  the  action  of  the  accelerating  and  inhibiting  nervous 
elements,  which  are  situated  in  the  walls  of  the  organ.  The  Tracing  xxi., 
as  well  as  many  others  which  I  have  obtained  by  the  same  means, 
afford  some  considerable  support  in  favour  of  such  a  view. 


Conclusion. 

The  valuable  observations  made  by  Nuel*  under  the  guidance  of 
Prof.  Bonders,  on  the  influence  which  is  produced  by  stimulation  of 
the  vagus  on  the  action  of  the  frog's  heart,  do  not,  as  yet,  seem  to  have 
attracted  the  attention  to  which  they  are  entitled  from  their  important 
bearing  on  the  physiology  of  the  heart.  Nuel  seems  to  have  been  the 
first  to  demonstrate  that  the  weakening  of  the  systole,  which  results 
from  vagus  excitation,  affects  only  the  auricle — a  fact  which  he  shewed 
to  be  applicable  in  the  case  of  the  mammalian  heart,  as  well  as  in  that 
of  the  frog.  He  also  shewed  that  the  weakening  of  the  systole  does  not 
go  hand  in  hand  with  the  slowing  of  the  rhythm,  which  likewise  results 
from  excitation  of  the  vagus;  that  these  two  phenomena  present  no 
parallelism,  and  are  presumably  dependent  on  the  action  of  different 
nerve  elements.  He  thus  confirmed  and  extended  the  observations  of 
Bowditch,  Kronecker,  and  others,  which  had  been  made  on  the  heart 
apex«  It  is  believed  that  the  experiments  recorded  in  the  foregoing 
pages  euable  us  to  advance  still  further  in  the  same  direction.  I  do  not 
intend  to  give  here  a  resume  of  the  matter  contained  in  the  body  of  this 
paper,  and  only  wish  to  indicate  briefly  how  my  observations  enable  us 
to  answer  the  question  stated  on  the  first  page  of  this  communication, 
viz, — "  What  are  the  relations  which  the  auricle  and  ventricle  bear  to 
one  another — what  part  is  played  by  each — in  their  common  work  of 
carrying  on  the  circulation?" 

It  has  been  shewn,  in  the  foregoing  pages,  that  the  height  of  the 
intra-cardiac  pressure  during   diastole  plays  a  predominating  part  in 

•  Nuel,   "Oyer  den  invloed  van  vagusprikkeling,"  &e.  in  the  Onderzoekingen  gtd, 
in  het  physiolog,  laborat.  d.  Utrechtsche  HoogeschooU  Derde  Beeks  ii.  1878. 
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regulating  the  capacity  of  the  ventricle,  the  elasticity  of  whose  wall  is 
of  such  a  nature,  that  the  organ  is  most  distensible  with  forces  of  such 
a  strength  as  are  capable,  in  the  living  animal,  of  being  brought  to 
bear  upon  it  As  each  contraction  of  the  ventricle,  in  normal  circum- 
stances, empties  its  cavity  completely  or  almost  completely,  the  quan- 
tity of  blood  thrown  out  depends  upon  the  degree  of  distension  during 
diastole.  And,  since  the  amount  of  the  force  which  distends  the  ven- 
tricle is  in  great  measure  dependent  on  the  strength  of  the  auricular 
contraction,  it  follows  that,  caeteris  paribus,  the  work  of  the  heart,  in 
the  living  animal,  is  governed  chiefly  by  the  auricle,  the  ventricle  in- 
fluencing the  amount  of  work  done  only  indirectly. 

The  elasticity  of  the  ventricular  wall  has  been  shewn  to  be  re- 
markably perfect,  but  that,  under  the  influence  of  various  causes,  this 
elasticity  may  become  modified  in  different  ways,  which  have,  however, 
the  common  result,  that  they  tend  to  interfere  with  the  perfect  per- 
formance of  the  function  of  the  heart.  It  has  also  been  pointed  out, 
that  the  elasticity  of  the  ventricular  muscle,  and  the  modifications  to 
which  it  is  liable,  are  of  the  highest  importance,  not  only  from  a  phy- 
siological, but  also  from  a  pathological  point  of  view. 

The  nervous  elements  situated  in  the  walls  of  the  auricles  and  ve- 
nous sinus  are  destined  to  regulate  the  work  of  the  heart,  but  they  act 
in  an  altogether  different  manner  on  the  auricle  and  on  the  ventricle. 
For  the  ventricle,  they  have  only  the  power  of  regulating  the  rapidity 
with  which  the  contractions  follow  one  another,  while  they  are  capable 
of  influencing  the  movements  of  the  auricle  in  a  very  considerable 
variety  of  ways. 

We  have  seen  that  localized  stimulation  may  produce,  as  a  primary 
result,  not  only  weakening,  but  also  increase  in  the  force  of  the  con- 
tractions, that  it  may  cause  not  only  slowing,  but  also  increased  rapidity 
of  rhythm,  and  that  it  may  produce  active  dilatation  of  the  relaxed 
auricular  wall,  by  modifying  directly  the  elasticity  of  the  latter.  I  do 
not  doubt  that  it  will  sooner  or  later  be  demonstrated,  that  diminution 
in  the  capacity  of  the  relaxed  aiuricle  may  also  result  primarily  from 
stimulation.  These  different  effects,  which  are  produced  by  localized 
excitation  of  the  auricle  wall  and  of  that  of  the  sinus  venosus,  appear 
in  a  manner  which  shews  that  they  are  more  or  less  independent  of  one 
another,  and,  on  that  account,  we  are  justified  in  believing  them  to  be 
due  to  the  action  of  specifically  different  nerve  elements.  But  besides 
this,  as  has  been  stated  in  the  body  of  this  paper,  although,  for  various 
reasons,  the  fact  has  not  been  insisted  upon,  my  observations  have  led 
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me  to  conclude  that  these  elements  are  not  pnly  distinct  in  function, 
but  that  they  are  also  differentiated  as  to  locality. 

It  is  through  its  influence  on  the  auricle,  which  must  be 
looked  upon  as  a  much  more  highly  developed  organ  than  the 
ventricle,  that  the  nervous  system  regulates  the  work  done 
by  the  heart. 

In  conclusion,  I  must  record  the  debt  of  gratitude  which  I  owe  to 
Prof.  Eronecker  for  the  kind  assistance  which  he  has  given  me  in 
making  these  observations.  Not  only  has  he  afforded  me  much  valued 
advice,  but  he  also  stood  by  me  with  unwearied  activity  in  overcoming 
the  difficulties  which  lay  in  the  way  of  making  the  experiments— diffi- 
culties which  principaUy  arose  from  the  then  unfinished  condition  of 
the  New  Berhn  Institute. 

Stbassbubo, 
Oct.  1878. 
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